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DO YOU KNOW .... 


&> .... That the Annual Meeting 
will be at Cornell University on June 
17-21? Among Society activities on 
which it is expected reports of prog- 
gress will be presented are Develop- 
ment of Engineering Faculties, Tech- 
nical Institute Survey, Evaluation Fol- 
low-Up—the six engineering sciences 
for all engineers and analysis and de- 
sign, and Graduate Study. 


> .... That preliminary informa- 
tion from the Relations with Industry 
Division indicates they will have a 
“far-seeing” program at the Cornell 
Annual Meeting? The papers are to 
be developed on the theme “the engi- 
neering graduate of 1965.” A for- 
ward-looking dean will explain the 
philosophy of the new engineering 
curricula which should be in effect by 
then, a department head will forecast 
some implications of the “new look” 
for his instructional level, a technical 
institute educator will explain what 
his graduates will have to offer, and 
an industrialist will discuss the new 
and more challenging high-level pro- 
fessional jobs in which engineers and 
scientists will by 1965 be increasingly 
involved. These presentations will 
set the stage for a panel discussion of 
problems expected for industry in 
1965, especially those relating to the 
employment of engineers. 


> .... That the committee in 
charge of the Society’s newest project 
has been officially named the “Com- 
mittee for Development of Engineer- 
ing Faculties">—CDEF if you like al- 
phabetical notations. Dean Harold 
Hazen of MIT is chairman, and the 
executive committee consists of J. C. 
Boyce of IIT, G. B. Carson of Ohio 
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State, M. D. Hooven of the Public 
Service Electric and Gas Co., Newark, 
N. J., and W. C. White of Northeast- 
ern; Dr. W. H. Miernyk of Northeast- 
ern is the Executive Director. The 
committee is charged with the impor- 
tant task of examining the entire prob- 
lem of recruiting, developing, and 
utilizing engineering faculties. The 
study is to result in recommendations 
for solving the major problem, and 
has top priority in all Society efforts. 
The project has the support of EJC 
and ECPD and the formal endorse- 
ment of the National Committee for 
Development of Scientists and Engi- 
neers appointed by President Eisen- 
hower. A grant of $10,000 has been 
obtained from the National Science 
Foundation for the planning and de- 
velopment of the program; the actual 
study will be financed by a grant 
from a private foundation. 


&> .... That the only summer 
school this year is that of the Civil 
Engineering’s Committee on Survey- 
ing and Mapping—the Fourth Na- 
tional Surveying Teachers Confer- 
ence? It is to be held on August 4-9, 
at the Summer Surveying Camp of 
the State College of Washington, 
Camp F. W. Welch, Naches, Wash- 
ington. This is the first national con- 
ference held since 1952, and President 
C. C. French of the State College of 
Washington has invited all surveying 
teachers to attend. For details, write 
to Professor E. G. Ericson, at Wash- 
ington State. 


&> .... That Vice President W. T. 
Alexander represented the Society at 
the Mid-Winter meeting of the Co-op 
Division? He reports a very success- 
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ful session, with the largest over-all 
registration in recent years. The rep- 
resentatives from industry slightly 
outnumbered the representatives from 
colleges. 


> .... That the third dues notices 
were sent out during February? They 
went to 153 of the 1657 members un- 
der 36 years of age ($6.00 per year 
dues), and to 612 of the 5294 mem- 
bers over 36 ($8.00 per year dues). 
In addition, 51 members owe $12.00 
and 180 owe $16.00; these are the 
ones who will be dropped at the end 
of the fiscal year for non-payment un- 
less they repair their standing be- 
tween now and July 1, 1957. Of the 
109 college and university institu- 
tional members, six have not yet paid; 
of the 136 associate institutional mem- 
bers, five are in arrears. If you are 
among the delinquents, how about 
paying promptly? About half of 
those receiving the second dues notice 
responded; it is hoped this third ef- 
fort meets with greater success. 


&> .... That ASEE is cooperating 
with the EMC, SMC, NRC, and NSF 
in sponsoring a National Conference 
on the Problems of Engineering and 
Scientific Higher Education in Chi- 
cago on October 10-11? A closed 
planning conference of about twenty- 
five leaders of the organizations men- 
tioned above and a few others was 
held at the Gould House of New York 
University on January 13-15. This 
April conference will be directed to 
the general public as well as to state 
and federal government, giving a fac- 
tual presentation of the actual situa- 
tions and pin-pointing the conse- 
quences of failure to act effectively 
and quickly. 
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> .... That the National Com- 
mittee for the Development of Sci- 
entists and Engineers is devoting its 
major efforts to two extensive and 
significant problems? They are: (1) 
ways and means of increasing the 
number and improving the utilization 
of technical and _ semi-professional 
persons whose skills support the work 
of engineers and scientists, and (2) 
ways and means of encouraging the 
revision and enrichment of elemen- 
tary and secondary school curricula 
in science and mathematics. Nine 
working groups have been established 
to study and report on various as- 
pects of the two problems. 


&> .... That the newly formed 
Council for Basic Education has a 
grant of $114,000 from a non-profit 
foundation, and proposes to initiate 
and support measures which will in- 
sure, among other things, that all stu- 
dents receive adequate instruction in 
the basic intellectual disciplines, espe- 
cially English, mathematics, science, 
history, and foreign languages. 


& .... That a nationwide cam- 
paign to increase public interest in 
and support for higher education is 
to be conducted by the Advertising 
Council? Volunteer services and fa- 
cilities contributed by advertising 
agencies, communications industries, 
and national advertisers will be uti- 
lized. The program is sponsored by 
the three-year-old Council for Finan- 
cial Aid to Education. 


& .... That you should make 
your plans now to go to Cornell in 
June? 


W. LeIcHTON COLLINS 
Secretary 











ENGINEERS AS MARGINAL MEN 


Engineers comprise a remarkable 
segment of American society, at once 
the most conservative and the most 
revolutionary. Perhaps because of 
their respectability as citizens, they 
have received far less public atten- 
tion than is warranted by their social 
role. Their divorce rate is low, their 
crime rate almost negligible, their 
children rarely delinquent. Most of 
them vote Republican, and nearly all 
of those who do not vote Republican, 
vote Democrat. Nonetheless they are 
revolutionary and marginal. 

The term “marginal” was first used 
(1) to describe the cultural situation 
of the children of European immi- 
grants. Immigrant parents usually 
retain many of the customs, beliefs, 
and values of the society from which 
they came. They are likely to live 
in a colony of their fellow country- 
men in one of our large cities, and the 
colony retains many of the old-world 
traditions. 

Their children, however, are sub- 
jected to the new values and ways of 
America—in school, on radio and tele- 
vision, through contact with Amer- 
icanized children, and at movies to 
which they go without their parents’ 
knowledge. These children contin- 
ually find themselves in situations 
where they must choose between the 
demands of their parents and the de- 
mands of their American friends. 
Standards of religious observance, 
dating rituals, domestic activities, and 
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so forth are different in the two cul- 
tures, and the young person is placed 
in considerable conflict. 


Engineer Torn Between Cultures 


In general the marginal man is a 
man torn between two cultures whose 
value systems are in some respect in- 
compatible. In this sense the engi- 
neer too is marginal. His marginality 
derives from a peculiarity of his pro- 
fession; the two cultures to which he 
is marginal are the scientific culture 
and the business culture. The engi- 
neers case is, however, if anything 
more severe than that of the tradi- 
tional “marginal man.” His is more 
like the marginality of the child of 
intermarriage where mother has one 
cultural background, father another. 

The greatest point of difference be- 
tween the engineer’s occupational par- 
ents lies in the reasons they see for 
doing anything, and as a result, the 
sorts of things they consider worth 
doing. Business traditionally raises 
the question: Is it profitable? Science 
usually asks: Do we know enough 
about it? If it is not profitable, the 
businessman will not be interested in 
doing it. If quite a lot is known 
about it, the scientist will not be in- 
terested in doing it. The engineer 
has a third question which he has de- 
vised to maintain family harmony: 
Can it work better? 
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Business vs. Science 


A second difference between the 
parents is in their time perspectives. 
The businessman demands that a 
project earn a profit this year. The 
scientist demands that we keep work- 
ing until we know all we do not 
know. The engineer tries to mediate 
by asking the businessman for a little 
more time, and by asking the scientist 
to hurry up. 

The engineer tries to get along with 
his parents, and occasionally the par- 
ents try to get along with each other. 
But this usually means an agreement 
on which one is wearing the family 
“pants.” There is at least one com- 
pany where the production and mar- 
keting people wait for the scientist 
to produce a crumb that is worth pro- 
ducing and marketing. They per- 
suade competent scientists to join the 
organization, and once in a while they 
ask “Have you anything for us?” 

More frequently, however, business 
wears the trousers. For example, 
some companies have operations re- 
search groups. Operations research 
defines the operations of the business 
as respectable objects for scientific re- 
search. Whatever the business does, 
the operations research group worries 
about. This is a case where the sci- 
entist treats the businessman’s prob- 
lems seriously. 

The engineer, of course, takes every- 
body’s problems seriously. But even 
so he gets into trouble. Sometimes 
his question “Can it be made to work 
better?” is well received by business- 
men. Companies that make machine 
tools they use themselves demand 
good engineering. Where the rela- 
tion is directly with the market, how- 
ever, the question of profit can lead 
to frustrations for the engineer. 
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For example, a firm in the textile 
business installed an automatic ma- 
chine to straighten the cloth because 
of complaints from their customers. 
The engineers had originally recom- 
mended the cloth straightener, but 
noted that the machine to which it was 
to be attached stood on such shaky 
foundations that vibration would make 
the straightener useless. Naturally 
they wanted to haul the machine up 
and put it on a concrete base. The 
manager, however, showed no inter- 
est. He had obtained the desired re- 
sults. He was able to show his cus- 
tomers that he was now using the 
latest in cloth-straightening equip- 
ment: this reassured them and they 
continued to buy. 

The engineer can get into difficul- 
ties with the scientists, too, partic- 
ularly when he encounters a strange 
phenomenon which needs intensive 
study. There is, for example, the case 
of the disappearing additive. This 
was added to oil at one end of a pipe- 
line, but when the oil came out the 
other end, the additive was gone. 
What had happened to it? The engi- 
neers had no answer. But when they 
applied to the scientists they were 
told: “Sorry, we’re busy—a long-range 
program. Maybe we'll learn some- 
thing about the adsorption of addi- 
tives as we go along. Perhaps that is 
not what is causing your difficulty 
anyway.” 

In sum, this means that for the en- 
gineer, life in industry is not a bed of 
roses. There is even some name-call- 
ing, of the kind where father says, 
“You're as bad as your mother,” and 
mother says, “You're as bad as your 
father.” If the engineer shows more 
than a “fix-it” interest in an industrial 
problem, the businessman is likely to 
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refer to him as a long-hair or prima 
donna. If he shows no interest in sci- 
ence and prefers to “cut-and-try,” the 
scientist regards him as a technician, 
mechanic, or maintenance man. Per- 
haps the most devastating type of 
comment was made by a director of 
research who maintained that the best 
way of getting results from scientific 
research is to hire good scientists, give 
them whatever they want, and wait. 
When asked if that is what is meant 
by “directing research,” he replied: 
“Look, if you give orders to your sci- 
entists, you just end up with a bunch 
of engineers.” 


Engineer’s Social Responsibility 


Yet the engineer bears a heavy so- 
cial responsibility, and bears it well. 
The knowledge collected by scientists 
does not automatically transform it- 
self into something useful to society. 
In the form in which it is expressed 
by scientists, its usefulness is limited 
to the purposes of scientists. Like a 
parish priest, the engineer is the link 
between the monastery of science and 
the secular world of business. 

This engineer’s role as channel has 
become increasingly important as sci- 
ence has progressed. The great ac- 
cumulation of codified knowledge, to- 
gether with the development of a cult 
of scientism, has served to cut away 
the direct communication links which 
may once have existed between sci- 
entist and layman. The faith that 
knowledge is good for its own sake— 
a belief on which the founders of the 
Royal Society did not express any pos- 
itive opinion (2)—makes it possible 
to ignore the question of the broad so- 
cial consequences of new knowledge. 

The development of languages 


suited to the nature of the scientist’s 
data produces unintelligibility, and 
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unintelligibility is further maintained 
by the fact that popularizing of sci- 
ence is not a very respectable activity. 
It is, of course, incumbent upon the 
scientist to communicate his findings 
to his colleagues. The broad social 
value of his work is less a subject for 
consideration than its narrow social 
value—that is, service of his col- 
leagues and attaining a respected sta- 
tus among them. Within the scientific 
circle, there must be no secrets. 

Thus the scientific society acts as if 
it were a closed society, the product 
of each member's work being intended 
for the consumption of the other mem- 
bers. Traffic with the outside world 
is frowned upon. Within the group, 
the growth of knowledge is circular; 
what one does stimulates another, and 
so on until all know a great deal more 
than when they started. 

Perhaps if scientists could be sup- 
ported without any expectation of a 
return on the investment—as it may 
be argued is the case with monasteries 
—science could remain a closed sys- 
tem to the greater contentment of 
those inside it and those outside it. 
But it is just this inward orientation 
of scientific groups which has led sci- 
entists into some difficulties with the 
general public. There seem to be 
both distrust and awe—Bronowski says 
hate (3)—of scientists in America, by 
no means derived from their actions 
in the past. Its basis seems to be 
the fear that scientists might become 
irresponsible. They do not conform 
to the established values of society. 
They know things they do not tell 
the public. Might not this knowl- 
edge be turned against society? 

The scientist is sometimes a hero 
in books and films, but more often 
he is a villain. It is interesting to note 
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that on the most dramatic occasion 
when scientists openly shouldered so- 
cial responsibility, they had reason to 
regret the experience. Oppenheimer 
has noted that since the first atom 
bomb, scientists have suffered from 
a sense of sin. The temptation is to 
retire to the closed circle of the eso- 
teric laboratory again, since the dem- 
onstration of a most devoted sense of 
social responsibility backfired. 


Engineer’s Social Role 


This digression into the marginality 
problems of scientists provides a back- 
ground for understanding the engi- 
neer’s social role. The engineer is the 
principal leak in the scientific vessel. 
He is the willing translator of scien- 
tific knowledge into the intelligible 
medium of equipment for social use. 
The lay public does not read the pro- 
fessional journals, and would not un- 
derstand them anyway. It is the en- 
gineers who ferret out the knowledge 
which can be turned to social use. 

But looked at from the other side, 
the engineer is not merely a leak in 
the scientific vessel. Or let us say 
that, through the engineer, the sci- 
entific vessel can be leaked into as 
well as leaked out of. Engineers pro- 
vide new problems for scientists, since 
the application of knowledge in new 
environments itself raises new ques- 
tions. Without the engineer, science 
might well degenerate into a casuistic 
activity akin to the monastic labors of 
medieval times. Pure mathematics, 
to be sure, has something of that char- 
acter today, because it has to do with 
possible and impossible realities rather 
than with historic events. 

Because of their strategic position 
between the source of new knowledge 
on the one hand, and the production 
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of equipment for social use on the 
other, the engineers are the most ef- 
fective revolutionaries in our society. 
Without them the rate of change 
would be slow indeed. This rate of 
change is not measurable in economic 
terms alone—the three per cent per 
annum estimate of increased pro- 
ductivity attributed to technological 
growth. 

It is much more difficult to meas- 
ure the changes in religious, political 
and moral beliefs, patterns of living, 
values, aspirations, and class identifi- 
cations which a rapidly changing 
technology carries in its wake. We 
are impressed by radio and television, 
though they hollow out our language 
and fill our lives with discontinuities. 
We are delighted with modern means 
of transportation, though they speed 
the decay of some ancient means of 
social control. 

The continuous revolution wrought 
by changing technology is the work 
of engineers. Yet the revolutionary 
engineer is no subversive citizen. He 
upsets the established order while act- 
ing politically as a conservative, and 
privately as a middle-class family 
man. Is he then leading a double 
life; a revolutionary from nine to five, 
a respected citizen in the evening? 
Certainly not, as far as his own senti- 
ments and beliefs are concerned. He 
is a responsible employee at work, a 
sedate parent at home. Yet he upsets 
the social order. 

The engineer can reply that his goals 
and values are no different from those 
of other Americans. The belief in prog- 
ress, especially technological prog- 
ress, is a vital element in our culture. 
Engineers are not revolutionaries; they 
are abiding by a dominant American 
value. This is of course true; but that 
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technological progress in turn creates 
new social problems is such a com- 
pelling fact or our times that this 
particular “truth” only settles the 
matter if one deliberately ignores the 
evidence. 

Alternatively, the engineer can 
choose to refer to particular patterns 
of social results to justify his political 
conservatism. For example, it can be 
argued that technological innovations 
are encouraged by management when 
labor, by such means as collective bar- 
gaining, begins to receive a greater 
proportion of income from existing 
technology than management has tra- 
ditionally regarded as desirable. By 
creating a labor-saving innovation, 
therefore, the engineer is helping to 
maintain the status quo with respect 
to the distribution of wealth and 
power in industry. It can scarcely be 
maintained, however, that the social 
system is in all respects so nicely 
geared to innovation. 


Sounder Position 


A sounder position for the engineer 
to take would be that, although there 
is no denying the existence of connec- 
tions between technological and so- 
cial change, the effects of specific 
technical innovations, or of the sum 
total of engineering activity, are so 
unpredictable that it would be futile 
to worry about them. In the present 
state of knowledge, it is impossible to 
predict whether all or some of the 
long-run effects of an innovation will 
be good, or all or some of the short- 
run effect bad, or vice versa, or both 
good, or both bad. 

Neither can we say whether the 
criteria of good and bad will remain 
unchanged. Only if the engineer be- 
lieves that any great social, cultural, 
economic, or political change is of it- 
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self good or bad can he take a clear- 
cut stand. If he thinks all such 
change is good, he can afford to be 
carefree; if he thinks all such change 
is bad, he should retire from his pro- 
fession. 

When the secondary effects of ac- 
tions are so unpredictable, the normal 
human reaction is to lower one’s 
sights, attend to the immediate ef- 
fects, and work in terms of the part 
of the future which is clearly foresee- 
able. The engineer is rewarded for 
engineering. Society is a remote 
judge; there is a more immediate, 
more personal judge, in the form of 
the engineer’s boss. He pays the bill. 
The engineer’s social responsibility is 
to give honest value in return. Be- 
yond that, let the boss decide. He 
has more criteria at hand for estimat- 
ing the results of alternative courses 
of action. 

Now this seems a very strange at- 
titude for a person who is, in terms 
of the effects of his actions, a revolu- 
tionary. His personality does not ap- 
pear to match his social role. But it 
is psychologically easier to adopt this 
attitude than to attempt to base his 
actions on consequences which are 
beyond his power to predict. 

This psychological account of the 
engineer's attitude can be supple- 
mented with a more sociological one. 
The engineer is an innovator, some- 
times an inventor, in the long run a 
revolutionary, but his personality 
does not conform to our expectations. 
There was a time when the mnovator 
had a personality to match his inno- 
vating activity. The man who de- 
sired change, who tried in the face 
of conservative society to bring it 
about, was a restless, often neurotic, 
individual. When we think of an in- 
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ventor, we think of unusual personal- 
ities: Edison, Fessenden, Marconi 
(4). Their lives were a mess finan- 
cially, or socially, domestically, or 
politically. Gillette, who invented 
the safety razor, wrote three books 
containing plans for a new world or- 
der: a utopian, supersocialist society 
living under one World Corporation 
(5). There are still such men around, 
some of them engineers. But the 
great changes in our way of life are 
made by men whose lives are not ir- 
regular, who conform quite closely to 
the standards of established society. 
Why do these modern change- 
agents not resemble the ones of fifty 
years ago? The answer seems simple 
enough: engineering, or the introduc- 
tion of change into the conditions of 
living, has become institutionalized, 
and engineers along with it. Estab- 
lishing a respectable, rewarded role 
for the engineer, creating a great edu- 
cational and employment system to 
provide him with a kind of cradle-to- 
grave security—all this has provided 
a route along which the well-adjusted 
citizen can travel and make changes 
in the conditions of living just as great 
as the erstwhile inventor who, deviant 
and maladjusted, was driven to a life 
of change-making. His work had 
great personal significance for him. 
But the modern institution of engi- 
neering has lost that meaning for its 
members. The engineering student 
learns to seek high grades on exam- 
inations and a job after graduation. 
These gloomy remarks are reminis- 
cent of the concerns of those odd 
apostles who thirty years ago chose 
Veblen as their Messiah—the nearly 
extinct sect called Technocrats. But 
there is a brighter side to the picture, 
a sense in which Technocracy’s dream 
is being partially realized, though cer- 
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tainly not in the anticipated manner. 
Engineers are becoming more power- 
ful socially. 

That is, the power of individual en- 
gineers, not engineers power as a class 
or organization, is increasing. The 
engineering associations have no eco- 
nomic power beyond restriction of en- 
try through the maintenance of stand- 
ards. And gaining power through 
unionization is shunned as “unpro- 
fessional.” But an ever-increasing 
proportion of managers is being 
drawn from the ranks of engineers. 

This trend has been accompanied 
by a proportionate decrease in the 
number of managers who are prima- 
rily merchants or financiers. It has 
also been accompanied by an in- 
creased concern on the part of in- 
dustrial management about “social re- 
sponsibility.” The social, economic, 
and political changes of the past cen- 
tury, together with changes in the in- 
ternal organization of industry, have 
helped to focus attention on manage- 
ment's social role. 

The concomitance of these trends 
may be sheer coincidence—though 
careful workmanship, a desire to do 
the job better, and to be of use to his 
fellow men are common characteris- 
tics of engineers. Being a “lion” 
rather than a “fox” does not insure 
the social good, of course, and doubt- 
less some of the worst examples of 
labor relations in the country can be 
attributed to the administrative judg- 
ment of engineer-managers. 

The idea that engineer-managers 
are plaving a powerful role in shap- 
ing American industry receives some 
support by comparison with a coun- 
try where engineers are only begin- 
ning to attain positions of prestige 
and power. Britain’s postwar indus- 
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trial and economic difficulties were 
blamed on trade associations, labor 
unions, taxation policy, and socialism, 
among other things. Perhaps a more 
fundamental problem was that indus- 
try was still under the control of foxes 
rather than of lions. 

There were British editorials com- 
menting on the laziness and inepti- 
tude of management, and recom- 
mending that managers be trained to 
comprehend and take advantage of 
advances in technology. On read- 
ing such editorials, the American is 
tempted to ask: Where were the Brit- 
ish engineers? The answer is simple: 
they were right there, but under- 
neath. The vital difference seems to 
be that in most British companies 
they stood practically no chance of 
rising to positions of power. 


Engineers in Power 


Thus the rise of some engineers in 
America to positions of obvious social 
responsibility is the bright side of the 
picture, and the tendency of other 
engineers to let the boss carry the 
burden of the less obvious social re- 
sponsibility inherent in their profes- 
sion, the dark side. Engineers do not 
really like the latter state of affairs: 
attitude surveys show them to be the 
most dissatisfied employees in indus- 
try (6). And other surveys indicate 
that the vast majority of them want 
to become managers (7). Evidently 
the rise of some to central positions 
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does not decrease the marginality of 
the rest. 

As industrial procedures become 
more technically complex, the engi- 
neers organizational role inevitably 
becomes more central. In terms of 
organizational requirements, there- 
fore, its cultural and _ psychological 
marginality are anachronisms. This 
lag has unfortunate consequences for 
professional responsibility and _ satis- 
faction. And the cause of the lag 
must lie either in a stereotype of man- 
agement which prevents the sharing 
of responsibility and recognition, or 
in inadequate professional education 
which makes the engineer untrust- 
worthy as a responsible member of 
the organization. 


BIBLIOGRAPHY 


1. E. V. Stonequist, The Marginal Man 
(N. Y., Knopf), 1937. 

2. R. K. Merton, “Puritanism, Pietism and 
Science” in Social Theory and Social 

Structure (The Free Press: Glencoe), 
1949. 

. J. Bronowski, “The Real Responsibilities 
of the Scientist,” Bulletin of the Atomic 
Scientists, Jan., 1956. 

4, W. R. Maclaurin, Invention and Innova- 
tion in the Radio Industry (N. Y., 
Macmillan), 1949. 

5. G. B. Baldwin, “The Invention of the 
Modern Safety Razor: A Case Study 
of Industrial Innovation,” Exploration 
in Entrepreneurship, Dec., 1951. 

6. D. Moore and R. Renck, “The Profes- 
sional Employee in Industry,” Journal 
of Business, Jan., 1955. 

7. H. A. Shepard et al., “Field Studies in 
the Organization and Management of 
Research,” MIT, mimeo., 1953. 


je) 


Annual Meeting, June 17-21, 1957 


ah 








VOICE FROM THE OTHER SIDE 
OF THE TRACKS 


L. B. ZYLSTRA 


Assistant Professor of Mechanical Engineering, 
University of Washington, Seattle 


“I am sending herewith a paper that I would like you to 
consider for publication in one of the forthcoming issues 
of the ASEE Journat. I realize that this material is of 
a rather controversial nature and feel that it should get 
some attention. This should fit in with your editorial policy 
stated in the January, 1956, issue, “There should be room in 
the JourNat for discussion, comments, and for differences of 
opinion leading to profitable sessions at subsequent meetings.” 
There has been considerable material published in the Jour- 
NAL in criticism of the type of courses discussed; we at the 
University of Washington feel quite strongly that material 





in rebuttal is very much in order.” 


When the writer registered for the 
recent Northwest Regional ASEE 
Conference, he was asked to note his 
field of major interest to facilitate 
seating arrangements at the “Com- 
mon Interest Luncheon.” He wrote: 
“Production Methods.” At the lunch- 
eon he found himself seated with five 
men who were vociferously machine 
design teachers, plus one who failed 
to make his interests known audibly 
and who, therefore, may have been 
a teacher in the field of manufactur- 
ing processes. He assumed from this 
that the seating committee either (a) 
chose, out of kindness to a colleague, 
to ignore the expressed interest or 
(b) could not find a sufficient num- 
ber of registrants admitting such an 
interest to fill a table. 

During the past five years, there 
has appeared an increasing tendency 
on the part of engineering educators 
to view as an “educational pariah” 
anyone associated with, or evincing 
an interest in, the teaching of courses 
in manufacturing methods. Unfor- 


tunately, this is not a local situation 
but is fairly widespread. This group 
of courses is today regarded by many 
engineering educators as a poor rela- 
tive whose existence, if countenanced 
at all, is not discussed outside the im- 
mediate family. 

These educators are primarily those 
who have had no experience as prac- 
ticing engineers or who have been so 
long removed from this experience 
that memory has been obscured by 
time. In many cases, the latter un- 
fortunately include some whose years 
and seniority have elevated them to 
positions of authority. This trend, 
history tells us, has been occurring in 
cycles with sine-wave regularity dur- 
ing the entire history of engineering 
education. A patient person should 
wait for the peak and subsequent re- 
cession, which by all evidence is near 
at hand. 

The writer, however, views with 
considerable concern the degradation, 
and even loss in some cases, of this 
group of courses from the M.E. and 
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I.E. curricula at some very good in- 
stitutions. The lowered quality of 
engineering graduates, together with 
the problem of rebuilding these 
courses when the shift sets in the 
other direction, leads the writer 
(never a man of great patience, and 
one who has borne up under epithets 
worse than “educational pariah” in his 
varied career) to express his views. 

One point should be clarified at the 
outset. The writer does not take ex- 
ception to the recent recommenda- 
tion by ECPD to the effect that “shop 
courses, etc., should be critically ex- 
amined. . . .” He chooses rather to 
assume that this recommendation was 
aimed at the elimination or alteration 
of shop courses taught on trade-school 
principles. 

Most readers will be familiar with 
courses such as these, typified in the 
extreme cases by requiring many lab- 
oratory hours occupied by the student 
in the chiseling-filing of a cube or a 
D-slide valve from a block of cast 
iron. The course may be taught by 
a journeyman machinist who had per- 
formed the same tedious “exercises” 
as part of his apprentice training. 

Courses such as these are still 
taught as “engineering” in many other- 
wise first-rate institutions, except that 
the chiseling-filing is now generally 
done by machine tools. It is the writ- 
ers contention that these courses 
should be abolished, not only because 
they are valueless but because they 
are the “shop courses” responsible in 
large measure for the opposition to 
the teaching of manufacturing pro- 
cesses in any form. 

As opposed to the above type of 
course, look next at the situation at 
the University of Washington. The 
manufacturing processes group has 
developed tremendously in the past 
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twenty years, in size, in number and 
variety of courses taught, and in value 
to the engineering student. This de- 
velopment occurred under the guid- 
ance of Professor Gilbert S. Schaller, 
with the complete approval and as- 
sistance of department head and 
dean. The staff for this group con- 
sists of a professor, two associate pro- 
fessors, two assistant professors, and 
two instructors. These men are engi- 
neers. They can, and on occasion do, 
teach many other courses in the M.E. 
curriculum. 


Basic Courses 


Let us look next at the three basic 
manufacturing courses, since they are 
the ones most frequently subjected to 
criticism. These we will call foundry, 
welding, and machine shop, regard- 
less of what they are termed in the 
catalogue. They are taught here, in 
the order named, as sophomore level 
classes. 

Most people will agree that the pri- 
mary reason for the employment of 
99.9% of our engineering graduates 
is their ability to contribute some 
share in the manufacture of a product 
that can be sold at a profit. If this 
is accepted as the, or one of the major 
objectives of an engineering curric- 
ulum, we can compare the education 
of an engineer to a pyramid. The 
apex is the product. The broad base 
consists of the sciences upon which 
we build with such courses as me- 
chanics, thermodynamics, structures, 
machine design, humanistic studies, 
electric circuitry, fluid flow, and met- 
allurgy. On top of this essential 
foundation should be placed the proc- 
esses group which, finally, makes the 
engineer aware how this mass of 
knowledge is to be used to accom- 
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plish the ultimate objective, manufac- 
ture of a product to be sold at a profit. 

If a course contributes a good share 
in this ability, it has a legitimate place 
in the engineering curriculum. Our 
three basic courses are taught with 
this in mind. It is felt here that no 
engineer, regardless of his field of 
major endeavor, can function as well 
without knowledge of manufacturing 
processes as with this knowledge. 

To the question, “How can a man 
design anything intelligently unless 
the design and material selection are 
made with an eye to the manufactur- 
ing process?” we must answer, “He 
can't.” A. M. Nelson, a former class- 
mate of the author, and now in charge 
of a fairly large research organization 
devoted largely to design and devel- 
opment of electronic equipment, re- 
cently made a statement along these 
same lines. He said, “Idea men, I’ve 
got dozens of them and they really 
function, but I’d trade an even dozen 
of them for one who had included in 
his education a thorough knowledge 
of manufacturing processes.” 

He went on to cite examples of 
cases where his “idea men” had spent 
large amounts of time and money de- 
signing and developing ideas that 
turned out to be either impossible or 
impracticable to manufacture. The 
writer feels he can state without res- 
ervation that these men had never 
experienced the capabilities and lim- 
itations of modern manufacturing 
processes. Some had taken the trade- 
school type of courses, had received 
nothing of value from them, and had 
been glad when they were finished. 
Others had received instruction in 
manufacturing processes conducted as 
straight lecture courses. 

Mr. Nelson’s education, on the 
other hand, was obtained in an insti- 
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tution where processes were given 
considerable prominence and where 
the limitations of the spoken word 
and visual aids were countered by ac- 
tual laboratory experience in the use 
of manufacturing facilities. He knows 
the limitations and capabilities of 
both company and outside facilities, 
and is daily forced to waste consid- 
erable time attempting to intercept 
and steer the efforts of his “idea men” 
along the proper lines. The writer's 
contention is that his men, if they 
were to be called engineers, should 
also have known these things. 

The basic objective of the three 
courses mentioned above is this: To 
help the engineering student (the en- 
gineer-to-be) make a wise selection 
among the manufacturing processes 
available for a particular product. 
After completing the series of courses 
the student should have developed a 
critical frame of mind, an altogether 
different manner of thinking, regard- 
ing any manufactured object that 
comes to hand. He should mentally 
criticize any product he sees, asking 
himself these questions: Was the ma- 
terial selection right? Could the de- 
sign have been improved? Was the 
right manufacturing method used? 
Was the selected method properly 
carried out? If the student has been 
properly instructed, these criticisms 
should be made, only with a full 
knowledge of how suggested changes 
would affect the product in terms of 
the factors by which a potential cus- 
tomer will judge it: (a) Its ability to 
perform its intended function. (b) 
Its quality—including such intangibles 
as appearance, “feel,” noise, etc. (c) 
Its cost. (d) The manufacturer's 
ability to deliver on time. 

If the above frame of mind has 
been developed by the three courses 
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mentioned, the program has been suc- 
cessful. It is admitted that this ob- 
jective is more difficult to accomplish 
at the sophomore level than at the 
junior or senior level. The sophomore 
tends to accept industry and its meth- 
ods as being above his criticism, 
whereas this tendency has been some- 
what dissolved by his senior year. 
The program here is not yet at that 
stage in its development, however, so 
it remains at the sophomore level for 
the time being. 


For Example 


As a concrete example, let us take 
a lecture on casting design in the 
Metal Castings course and see how 
this is taught in order to progress 
toward the above objective. Previ- 
ous considerations have been duly 
weighed that pointed to casting as 
the process and gravity casting in a 
green sand mold as the specific 
method. The instructor selects the 
object, preferably simple, and leads 
the class members through its design. 
They come up with perhaps three de- 
sign possibilities that are essentially 
equal as far as function is concerned. 

Assume that the object is a simple 
“Vv” groove bench block and that we 
have the alternatives of designing this 
as a solid casting, a hollow casting 
with the working surface supported 
by a skirt having its lower edge 
“turned out” to provide a supporting 
surface, or with the base “turned in,” 
requiring the use of a dry-sand core. 
The class will then consider the ef- 
fects of these design changes on the 
factors mentioned before. Some of 


the specific considerations would be: 
cost of patterns for each of the three 
designs, cost of feeding the first de- 
sign to compensate for solidification 
shrinkage, cost of core box and cores 
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for the third design, comparative 
molding costs, adaptability to ma- 
chine molding, cleaning costs, and 
machining costs. 

The patternmaker would then make 
patterns for each of the designs and 
during the subsequent laboratory 
work these would be molded and cast 
by the students with various avail- 
able methods, the castings sectioned, 
examined, and tested, and rough com- 
parative cost estimates made on the 
basis of actual laboratory work. 

The lecture material connected 
with this phase would also include, 
of course, those principles of casting 
design not brought out by the exam- 
ple chosen. The method of instruc- 
tion exemplified above is also carried 
out through the other phases of the 
course, and is followed where possible 
in all basic courses. The value of this 
type of instruction should be appar- 
ent; it is evidenced by the thinking 
patterns of the students who have re- 
ceived it and by reports from our 
graduates and their employers. 

No engineering school today can 
afford to sacrifice any of the students’ 
time to courses that are taught merely 
for the sake of tradition. Realizing 
this fact and spurred on by the en- 
joinder of the ECPD, many educators 
are looking askance at their anti- 
quated “shop courses.” Unfortunately 
the tendency seems to be to chop 
them off rather than to modernize 
them to what they should be. At the 
University of Washington only about 
2% of an M.E. student's time is spent 
in required production courses and 
still less amounts by majors in other 
departments. This is obviously not 
enough time to make molders, weld- 
ers, and machinists of anyone. This 
is not even enough time to attain thor- 
oughly the objectives previously men- 
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tioned but, at least, the objectives 
have been defined and the attempt is 
being made. 

If the term trade-school were to be 
applied to our production courses, it 
would be deeply resented by all in 
our department. We sincerely feel 
that the value of these courses to the 
operating efficiency of the graduate 
engineer more than balances the small 
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be more than a few isolated engineer- 
ing educators who are shortsighted 
enough to maintain that such instruc- 
tion is not engineering and has no 
place in engineering education. These 
men, however, when they are in posi- 
tions of authority, can do themselves, 
their schools, and industry an in- 
credible amount of damage before 
the top (or bottom) of the cycle is 





allotment of time in the curriculum. 
It seems incredible that there can 


reached and the trend again sets in 
the opposite direction. 





NEW AEC TRAINING PROGRAM 


The Atomic Energy Commission has selected six universities 
to participate in a program designed to double the number of 
nuclear reactor specialists trained each year at the Oak Ridge 
School of Reactor Technology. The universities, selected from 
among 44 which submitted proposals in October, on the basis of 
being the most suitable to meet the present short-term needs of 
the ORSORT program, are the Carnegie Institute of Technology, 
Pittsburgh; Case Institute of Technology, Cleveland; Northwestern 
University, Evanston, Illinois; University of California at Los 
Angeles; University of Florida, Gainesville; and Union College, 
Schenectady. 

Two-year contracts will be negotiated to provide for concen- 
trated courses of study intended to develop specific proficiency in 
chemistry, mathematics, physics, and engineering for students ac- 
cepted for ORSORT. Under the new expanded program, the first 
six months of the one-year course will be given at the participating 
institutions, and the remaining six months at the Oak Ridge Na- 
tional Laboratory. This arrangement will permit two classes of 
120 students each to be trained per year, while currently only one 
class of 120 students can be accepted annually because of limited 
facilities at the laboratory. 











SCIENCE AND LIBERAL EDUCATION 


ESTILL 1. GREEN 


Vice President, Bell Telephone Laboratories, 
463 West Street, New York 14 


Adapted from a commencement address at Westminster College, 
Fulton, Missouri, May 28, 1956 


As we look today at science and 
liberal education, what do we find? 
An odd situation. A paradox, if you 
will. While scientific change moves 
with seven league boots, or seventy 
times seven, science and liberal edu- 
cation are not coming closer together. 
They are not even, like parallel lines, 
pursuing paths that come together at 
infinity. They are drifting apart. 
Many thoughtful observers discern an 
increasing lack of interest and under- 
standing by each for the other. As a 
result, certain myths or half-truths 
seem to find a growing credence, not 
only by the general public, but also 
to degrees by more educated people. 

A few examples of such myths were 
noted some time ago in a talk by Dr. 
Warren Weaver to the American As- 
sociation for the Advancement of Sci- 
ence. Let me borrow from, and sup- 
plement, Dr. Weaver’s listing ( Ref. 1). 
In popular fancy, there seems to be 
nothing, at least of a physical nature, 
that science cannot do. It can, so 
rumor goes, produce a universal cure 
for every human ailment. It can pro- 
long life indefinitely, or even create 
it. It can transport people in space 
ships to any part of the universe. It 
can reverse the flow of time. And 
so on indefinitely. 


Peculiarities of Scientists 


The scientists who have the ability 
to accomplish these miracles are con- 


ceived as being different from ordi- 
nary people. They live in a world 
of their own. They are devotees of 
a strange cult whose motivation is a 
mysterious something known as the 
spirit of science. Their sole aim is to 
wrest truth from nature, and what- 
ever effect their contrivings may pro- 
duce upon society is of no concern 
to them. 

Moreover, they say, ordinary peo- 
ple cannot understand either science 
or scientists. Both are too complex. 
Hence both must be taken for granted. 
If anything, science is less baffling 
than its practitioners. The only sen- 
sible attitude, clearly, is the one taken 
by the colored story-teller when asked 
about the terrapin. The reply was a 
gem of simplicity: “I don't have to 
‘splain what make him do like he 
do do.” 

Now, if we look on the other side 
of the fence, what do we find?  Sci- 
entists, being human, have a few mis- 
conceptions and half-truths of their 
own. Indeed, these bear a consider- 
able resemblance to the ones we just 
mentioned. Ordinary people, say the 
scientists, do not understand the na- 
ture of science. They find its prod- 
ucts convenient and congenial, but 
they have no gratitude toward their 
benefactors. All they want is to ex- 
ploit the scientist, to use him for their 
own ends, like some strategic mate- 
rial. Moreover, so legend goes, sci- 
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entists are different from ordinary 
people. They are dedicated to phys- 
ical truth. Science has its own moral 
code. Scientists are above the rules 
of society. And so on and on. 

A nice trick in mathematics is to 
carry things to extremes and see what 
happens. So I have found it con- 
venient to state these myths and half- 
truths and muddy understandings in 
their extreme form. Naturally there 
is a wide range in degree of accept- 
ance. But this is not all fairy tale. 
You can find chapter and verse in 
both public press and technical press. 
Or if you want the real low-down, 
just talk with people. You will find 
many people like the White Queen. 
They just take a deep breath and be- 
lieve six impossible things before 
breakfast. 


Science in the Secondary Schools 


To the extent that ideas such as 
these exist, they are symptomatic of 
a widening gulf between science and 
general education. But if we are to 
understand the situation, we must dig 
deeper into underlying manifestations 
and causes. Suppose we start in the 
secondary schools (2). Some day I am 
going to write a mystery story. The 
scene can be laid in almost any high 
school in the country. For a title I 
will choose something like this: “The 
Case of the Missing Science Pupils.” 

The facts of the case are simple. 
In 1915 about 60 per cent of the pu- 
pils graduating from high school had 
taken a course in physics. By 1955 
the figure had dropped by %%, that is, 
to less than 20 per cent. Chemistry, 
starting at a much lower level, has 
barely held its own. 

Meanwhile, something new has 
come into being, a hodgepodge course 
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known as general science—a confused 
jumble of astronomy, chemistry, phys- 
ics, geology, meteorology, and so on. 
But even if you count this in, high 
school training in physical science 
fails completely to measure up, either 
as a breeding ground for scientific 
talent or as a mere briefing for non- 
scientists in a scientific age. It must 
have been science lessions that the 
Gryphon was talking about in Alice 
in Wonderland. “That's the reason 
they're called lessons,” he remarked, 
“because they lessen from day to day.” 

And mathematics, that handmaiden 
of science, that unexampled exercise 
in logical thought, what about it? 
Alas, it too has come upon evil days. 
Today the percentage of high school 
students enrolled in math is less than 
half what it was in 1915. In any con- 
test to decide which subject is most 
disliked by the pupils, math almost 
always wins. 

Stemming out of this secondary 
school situation is the much-publi- 
cized shortage of scientifically-trained 
personnel in this country. This is in- 
deed a source of grave concern, and 
is fast getting worse. 

But the crime trail leads on. Not 
only is there an ominous scarcity of 
science pupils in high school; the 
dearth of qualified science teachers 
is equally or even more disturbing. 
Their number has dropped more than 
half in the past five years. To some 
extent this is part of the general sit- 
uation of underpaid public school 
teachers struggling to maintain their 
social status. But both shortages—of 
science teachers and of science stu- 
dents—are, I think, symptoms of a 
deeper unhealthiness. The interest 
of young people in science, the qual- 
ity and quantity of science teachers, 
the attractions of scientific careers, all 
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these are strongly dependent on the 
attitude of the general public toward 
science. The real difficulty with sci- 
ence in the secondary schools, is, I 
believe, a lack of understanding and 
regard for science on the part of the 
general public. 


Science as a Part 
of Liberal Education 


How shall we go about developing 
such an understanding among pco- 
ple? There is, I think, only one an- 
swer—through liberal education. As 
Dr. J. A. Stratton of M.I.T. has pointed 
out, it is the educated people of a na- 
tion that determine its intellectual 
character (3). So it is to the body of 
educated people, mostly non-scien- 
tists, that we must look for any mod- 
ification of the popular _take-for- 
granted attitude toward science. We 
come back, then, to liberal arts train- 
ing in the colleges and universities. 

I think it is no exaggeration to say 
that if we are to survive as a free peo- 
ple, science must be made a more 
vital part of liberal arts training. To 
me this conclusion seems especially 
appropriate when I recall the mean- 
ing of liberal arts. Originally they 
were the “artes liberales,”’ the arts 
which, among the Romans, only the 
“liberi,” the free men, were permitted 
to pursue. 

When we say that science must be- 
come a more vital part of liberal arts 
training, what do we really mean? 
Not a review of the history of science. 
Not a smattering of scientific for- 
mulae. Not a science hodgepodge. 


First of all, we mean a true under- 
standing of the scientific approach, a 
familiarity with the great struggle 
waged by Galileo and his successors 
for the then new principle that in sci- 
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entific judgment observation and ex- 
periment are the courts of final ap- 
peal. 

Other things essential for a truly 
liberal education are these: an under- 
standing of what science can and can- 
not do; a comprehension of the con- 
tribution that logical, scientific analy- 
sis might make to social advance; and 
a realization of the tremendous power 
of the simple words “how” and “why.” 
Moreover, liberal education should 
learn the language of science. Not 
all of its “lingo,” by any means, but a 
basic vocabulary of scientific terms 
and an appreciation for the beauty of 
precise terminology. 

Also, liberal education should em- 
brace an understanding of the proc- 
ess of creative thought. This process 
is not esoteric. It can be understood. 
Creative ability can be enhanced by 
training. Indeed, creative thinking 
is now being taught at a few schools. 
Such courses should indicate the basic 
similarity between creativity in the 
arts and in science, and should trace 
the steps in the creative process. In 
fact, a little practice in common-sense 
thinking might be thrown in for good 
measure. 

Until it encompasses a greater meas- 
ure of such concepts as are required 
for a true understanding of scientific 
advances, liberal education will, I be- 
lieve, lack full relevance to our mod- 
ern world. Up to now our liberal 
education has comprised in consider- 
able degree a classical kind of cul- 
ture. Without sacrificing the impor- 
tant elements of this, we need to de- 
velop a modern culture, with science 
inherent and in proper balance, not 
elective and neglected. Can so-called 
“liberal arts” students be really lib- 
eral, keep themselves correctly ori- 
ented in this changing world, without 
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cultivating a growing awareness of 
science? 


The Plight of Science 


If up to this point I have seemed in 
any way critical of liberal education, 
let me now have a go at science. As 
we have seen, science is in a pickle. 
It is out of touch with people, and 
it is unable to keep its ranks filled. 

The blunt truth is that this pickle 
is largely one of science’s own mak- 
ing. Rejoicing at the privilege of 
walking within the veil of the temple 
of nature, and beguiled with their 
own devices, too many scientists have 
withdrawn themselves too much from 
the problems of society. Further- 
more, technical specialization has 
grown and continues to grow apace. 
In fact, many scientists have become 
so specialized that they frequently 
don’t understand one another, let 
alone non-scientists. 

Some of my colleagues might have 
a comeback for this, a comeback 
just as good as the one that Winston 
Churchill had for George Bernard 
Shaw. Shaw was putting on a new 
play, and sent two tickets to Churchill 
with a note: “Bring a friend if you 
have one.” Churchill replied: “Can't 
be there for opening night. Will at- 
tend second night if play lasts that 
long.” But in the absence of some 
rebuttal, it is hard to escape the con- 
clusion that scientists need a better 
understanding of people. 


A Mutual Opportunity 


And now just see what a lovely sit- 
uation we have uncovered. Science 
and liberal education can confer great 
mutual blessings. Each can round 
out the other. Science can give lib- 
eral education a broadened outlook. 
Liberal education, on the other hand, 
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can give science a human and spiritual 
outlook. The French have a word 
for it—rapport. What we need is a 
closer rapport between liberal educa- 
tion and science. 

This game of rapport is one we all 
can play. Each of us in his own way, 
as he finds opportunity, can contrib- 
ute toward a modern, integrated, truly 
liberal culture, with science in due 
perspective. Here is our challenge as 
citizens. And only as we measure up 
to this challenge can we achieve the 
full promise being opened up by new 
technology. 


The Technical Prospect 


Electronic computers stand ready 
to relieve the human brain of routine 
for more creative tasks. Before long, 
machines may be able to perfect com- 
plex engineering designs, check them 
for soundness, prepare manufactur- 
ing information, and verify the per- 
formance of the product. Thus per- 
haps they will help to relieve the 
shortage of engineers. 

Similarly, the system which people 
call automation, using suitably pro- 
grammed controls to make machines 
run themselves, is effecting enormous 
increases in productivity. New com- 
munication systems are enabling ma- 
chines to talk to one another in their 
own language of high speed pulses. 

By enlarging the skilled teacher’s 
audience, television has already made 
a start on relieving education’s crisis. 
Indeed, experts predict that educa- 
tion is due to become the biggest 
and most important user of television 
equipment. 

Atomic power does not have to be 
an agency of destruction. It can be 
an untold blesing. Today we use 
uranium fuel at a cost of $11,000 a 
pound. Some day sea water or ordi- 
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nary rock will serve as fuel. What 
this will mean to underdeveloped 
areas I leave to the imagination. 


Our Challenge 


We could go on into the fields of 
biology and medicine, of chemistry 
and metallurgy, and many another. 
Just to sum it all up, science offers the 
clear possibility of vast enhancement 
in man’s lot. Meanwhile man faces 
a triple threat: annihilating war, van- 
ishing natural resources, and a surg- 
ing world population that will, un- 
less it is somehow checked, multiply 
21% times in the next hundred years. 
Solution of these problems cannot be 
long delayed. Of course, science can 
help to find some of the answers. 

The real basis for man’s survival 
and well-being lies, however, in a 
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new culture. Somehow men will 
have to learn how to live in harmony 
and mutual understanding. Though 
we understand all mysteries and all 
knowledge, and have not love, it shall 
profit us nothing. The real objective 
can best be reached through develop- 
ing a new culture, a liberal, homoge- 
neous blend of knowledge, rationality, 
creativity, objectivity, mutuality, and 
spirituality. A new world is man’s 
for the seeking. 
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1957 NATIONAL SURVEYING 


TEACHERS CONFERENCE 


The Civil Engineering Division of ASEE will sponsor the Fourth 
National Surveying Teachers Conference at the Washington State 
College summer surveying camp, Camp Welch, Naches, Washing- 
ton, on August 4-9. Further information can be obtained by writ- 
ing to Professor Elvin G. Ericson, Civil Engineering Department, 
Washington State College, Pullman. 
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SELECTION OF ENTERING STUDENTS 
BY COLLEGES OF ENGINEERING 


E. S. KALIN 


Director, Isidore Newman School, 
New Orleans, Louisiana 


A paper presented at the Southeastern Section Meeting of ASEE, April 5, 1956. 


My topic presupposes that there 
will be more students applying for 
entrance to the engineering schools 
than we can accommodate efficiently, 
and that therefore there must be se- 
lection. I assume we know the statis- 
tics of population growth and trends 
in college entrance, so that we do not 
need to repeat the causes of student 
pressures to come. 

What criteria should the engineer- 
ing school use in selecting its student 
body? What should be the relative 
weighting of the various factors in- 
volved? 

In what follows I shall present a 
high school point of view and over- 
state some points for emphasis, per- 
haps, or make inferences with which 
you cannot wholly agree. If so, I 
know you will correct the errors in 
the discussion to follow, and I shall 
enjoy rebuttal and clarification. 


Character and General Promise 


Undoubtedly the most important 
consideration in appraising a candi- 
date for entrance to an engineering 
school is his character and his general 
promise as a student, an engineer or 
scientist, and a citizen. 

But character, personality, promise— 
these are also very difficult to assess. 

Perhaps the best evidences avail- 
able are the total four-year record in 
high school and the confidential re- 


ports from the boy’s teachers and 
principal. But since recommenda- 
tions are necessarily subjective, they 
are difficult to evaluate. 

In mentioning the total high school 
record I mean much more than the 
final marks in the various subjects. 
The record should include his inter- 
est, hobbies, extra-class activities, and 
the like. The record should also in- 
clude some appraisal of the boy’s en- 
vironment—the moral tone, the cul- 
ture, the aspirations of his family and 
the community which have shaped 
the growing boy. 

Unfortunately, there is little objec- 
tivity in much of this and it is par- 
ticularly difficult to apply these data 
in comparing candidates from differ- 
ent schools. However, the difficulty 
involved, and the relative unreliabil- 
ity of the data, do not make them of 
less importance. In the final analysis, 
the character and promise of the ap- 
plicant must be deciding elements in 
the consideration of a candidate for 
entrance. 


School Marks 


A candidate’s four-year record of 
marks in high school constitutes one 
of the more reliable criteria for judg- 
ing his academic promise in engineer- 
ing school. But such data must be 
used with discrimination. 
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For example, different schools have 
such widely differing standards that 
it is folly to judge the boy with the 
higher marks to be the better student, 
on this ground alone. Class ranking 
—where a student stands in his own 
graduating class—gives some indica- 
tion as to the relative worth of his 
marks. Later I shall discuss some of 
the fallacies connected with class 
ranking as a criterion for college 
admission. 

The four-year record of school 
marks is made much more reliable if 
it is accompanied by a record of 
standardized achievement test scores 
that back up the marks. I want to 
discuss the use of standardized tests 
in more detail later on, also. 

A third consideration concerns the 
atypical student. The so-called “late 
bloomer” is one—the boy whose phys- 
ical development in early adolescence 
was so delayed, or so prolonged, that 
his mental work and abilities were 
not displayed to best advantage dur- 
ing his freshman and sophomore years 
in school. There are many such, and 
we must learn to weight the later 
marks more heavily in such cases. 
There is also the boy who will make 
a fine engineering student as soon as 
he has mastered reading—the technics 
of rapid and understanding reading. 
The college may be well equipped to 
render this service and develop a suc- 
cessful student. There is also the one- 
sided fellow, who will work like a 
dog in favorite subjects or on favorite 
projects, but who is not to be driven 
to doing well in those in which he 
does not already have an interest. 


Class Ranking 


Colleges are prone to lay down 
rules as to the required class ranking 
of applicants—only those in the up- 
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per half, or top quarter of the grad- 
uating class to be admitted. This is 
an unwise rule to follow literally. 
Used with flexibility, however, it af- 
fords incentive for high school boys 
to do well and gives a valuable in- 
ternally-relative criterion of ambition, 
industry, and ability. 

But watch out in applying the same 
standard to different schools! Ad- 
mitting only from the top half of the 
class in a school that sends perhaps 
twenty per cent to college is vastly 
different from applying the same rule 
to a preparatory school that regularly 
sends 90% or more of its graduates 
to college. The Educational Records 
Bureau states that “a student who 
ranks below %4 of his classmates in 
the average independent school would 
probably rank at about the middle of a 
typical public school graduating class. 
One who ranked at the middle of his 
class would probably reach the upper 
quarter of an average public school 
graduating class.” I think it is fair to 
state that similar differences, if not 
as great ones, prevail among the pub- 
lic schools themselves. 

When interpreting class ranking, 
one should know not only what per 
cent of the graduates of a particular 
school enter college, but also what 
type of college is entered. Standards 
in colleges also vary. For the pur- 
poses we are considering here, it 
would seem that as_ engineering 
schools and better colleges or univer- 
sities attract more graduates of a 
school, it will be safe to go farther 
down in the class ranking before cut- 
ting off a candidate. 


The Intelligence Quotient 


On an occasion when we were dis- 
cussing the elaborate entrance pro- 
cedures at Harvard, former President 
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Conant told us that he would be 
happy to use the intelligence quotient 
alone as the criterion for entrance. 
Of course he expected a high 1.Q., 
and counted on his faculty’s inspiring 
the gifted student to work and to suc- 
ceed, however poor initial prepara- 
tion might be. 

But I doubt that the I.Q. alone is 
a sufficient criterion. In the first 
place, we must ask, what I.Q.? Be- 
cause they vary—a Binet-Simon has 
much more reliability than an Otis- 
Self-Administering Test of Mental 
Ability and one must distinguish, 
therefore, between the individual in- 
telligence test without verbal com- 
ponents and a group test depending 
on ability to read. As a matter of 
fact, an I.Q. should never be reported 
simply as such; it should be stated as 
an Otis 1.Q. or a Kullman-Anderson 
1.Q., or a California Test 1.Q., or 
whatever. 

When the high school can furnish 
more than one I.Q. reading for a 
candidate, the report of the cluster 
of marks makes possible much more 
reliable dependence on the 1.Q. It is 
also true, as we have discovered in 
elementary and high school, that a 
boy with normal I.Q. and ambition, 
drive, earnestness, thoroughness, and 
reliability is much better as a pros- 
pective success in life than the high 
1.Q. man without these qualities. 
Best, of course, is the combination of 
ability with drive. 


Standardized Tests 


Many of our high schools use na- 
tionally standardized tests to measure 
the achievement of pupils in several 
or all work areas. Those of us who 
are members of the Educational Rec- 
ords Bureau have a_ system that 
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makes possible valid comparisons be- 
tween students from different schools, 
different states, and even different 
sections of the country. 

If you were to recommend such 
tests for adoption by schools from 
which you draw your students and if 
you planned to use the scores for ad- 
missions purposes, I would suggest 
the Cooperative Tests of the E.R.B., 
especially those in English, mathe- 
matics, and the sciences, as well as 
the familiar Psychological Examina- 
tion, College Freshman Form, of the 
American Council on Education. 

A word of caution, however, about 
interpreting percentiles reported on 
such tests. Note carefully what norms 
the school uses as basis for the per- 
centiles. The Educational Records 
Bureau states that “an independent 
school student who ranked at the 
25th percentile in his own group on 
a scholastic aptitude test like the 
A.C.E. Psychological Examination or 
on any of the Cooperative Tests (ex- 
cept foreign language) would rank at 
approximately the 50th percentile or 
higher in the public school group. In 
algebra and geometry, his percentile 
rank would be 10 to 15 points higher 
if he were ranked with the public 
school group rather than with his 
own. Therefore, his independent 
school percentiles would have to be 
adjusted upward from 10 to 25 points 
or more to make valid comparisons 
with the percentiles for public school 
pupils. Of course the differences 
would not be so large at the extreme 
ends of the scale.” 


Scholastic Aptitude Test 


Undoubtedly the single best test of 
aptitude for college, and the one 
adopted by an ever-increasing num- 
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ber of the best colleges and univer- 
sities, is the Scholastic Aptitude Test 
of the College Entrance Examination 
Board. The test has a verbal and a 
mathematical section with separate 
scores. The verbal section measures 
ability to read with understanding 
and discrimination, the comprehen- 
sion of words, and skill in dealing 
with word and thought relationships. 
The candidate’s score on the test de- 
pends on his ability to reason log- 
ically, on his vocabulary, and on his 
ability to combine ideas and draw 
correct inferences. 

The mathematics section measures 
aptitude for handling quantitative 
concepts rather than achievement in 
the study of mathematics courses. 
The test presupposes arithmetic, a 
first course in algebra, and the ele- 
ments of geometry. But it is in- 
tended to identify the student who 
can apply basic knowledge in work- 
ing out solutions to new problems 
rather than the student who has sim- 
ply memorized facts and processes. 

As you know, the College Board 
tests are scored by machine and the 
raw scores are treated statistically in 
comparison with a fixed “standard 
group. This is done to keep the 
scores comparable from year to year. 
The average score is 500; the stand- 
ard deviation is 100. Two-thirds of 
the candidates in the group get scores 
between 400 and 600; scores range 
from 200 to 800. 

What scores should an engineer- 
ing school candidate receive? Well, 
standards differ from college to col- 
lege. At my school we encourage 
application to an engineering school 
if the boy has at least 500 on the Ver- 
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bal and 550 on the Mathematics Sec- 
tion of the S.A.T. 


College Board Achievement Tests 


The College Board also gives 
achievement tests in mathematics, 
along with those in English, chem- 
istry, and physics, for engineering 
school admissions. All these are one- 
hour reviews of high school learning. 
The Intermediate Mathematics Tests 
place emphasis on the ability to use 
what a student has learned in ele- 
mentary and intermediate algebra 
(through quadratics and systems of 
equations), in graphical representa- 
tion and corresponding equations, 
and in plane geometry. 

This is the test recommended for 
use when the first courses in the engi- 
neering school will not include an- 
alytic geometry and the calculus. 

But if the student is expected to 
start with analytic geometry and the 
calculus his freshman year, he should 
be prepared to take the College Board 
Advanced Mathematics Test his last 
year in high school. This measures 
his basic preparation for advanced 
mathematics courses and for the study 
of the physical sciences in college. It 
includes questions in trigonometry, in 
solid geometry (especially mensura- 
tion and the relationships of lines and 
planes) and more advanced topics of 
high school algebra. 


Advanced Placement Tests 


I should like to mention something 
new in the preparation of gifted stu- 
dents in high school. A few schools 
are now engaged in the Advanced 
Studies program, with the intention 
of helping the really able and inter- 
ested student, not to get into college 
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earlier, but to arrive much better pre- 
pared, able to advance through the 
undergraduate years into master’s and 
doctoral studies more effectively and 
more rapidly. 

The national program of Advanced 
Studies concerns high school courses 
in eleven fields, including chemistry, 
physics, and mathematics. The Col- 
lege Board is now giving an entirely 
new type of examination in these 
fields, for use by the colleges. Suc- 
cessful students are expected to be 
placed in sophomore year studies in 
their fields of excellence, and thus 
can get ahead faster with their study 
in fields where they surpass. 
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We have made a very modest be- 
ginning in Advanced Studies at New- 
man. This is our second year of an 
honors course in mathematics, which 
is an introduction to mathematical 
analysis, including the fundamentals 
of analytic geometry and of differen- 
tial and integral calculus. The Ad- 
vanced Studies program offers a real 
challenge to schools with superior 
students; it will also constitute a 
challenge for the engineering colleges 
to accept such students on an ad- 
vanced basis and to accelerate the 
scientifically minded and really tal- 
ented young scholars to the highest 
reaches they can attain. 





SAVILLE TO RETIRE 


FROM NEW YORK UNIVERSITY 





Thorndike Saville, Dean of the New York University College of 
Engineering for the last 20 years, has announced that he will retire 
with the start of the 1957 fall term. Under his direction, the Col- 
lege formed a Graduate Division and a Research Division, the 
latter with an annual budget of $2,866,000; Dean Saville’s academic 
programs have brought to major status many fields of engineering. 
A member of ASEE since 1915, Dean Saville has served as a 
Member of Council, 1943-1946; 1953-1955; Vice President, 1948- 
49; and President, 1949-50. In 1954 he was the twenty-seventh 
recipient of the Lamme Medal. He also has been President of the 
Engineers’ Joint Council and of the Engineers’ Council for Pro- 
fessional Development, as well as a Director of the American 
Society of Civil Engineers. 
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OPPORTUNITIES FOR FACULTY STUDY 


BOWEN C. DEES 


Deputy Assistant Director for Scientific Personnel and Education 
National Science Foundation, Washington 25, D. C. 


Few would argue with the notion 
that the most desirable environment 
for effective instruction and learning 
involves bringing together teachers 
who are up-to-the-minute experts in 
their fields and students who are 
eager to become as well informed as 
their teachers. The converse of this 
statement is equally true: That en- 
vironment is not desirable where stu- 
dents feel that their teachers are in- 
expert and behind the times. What, 
then, is the most desirable environ- 
ment for effective learning on the 
part of college teachers? 

This question can be variously con- 
sidered. Most important perhaps is 
the acceptance of the principle by the 
institution where the individual is 
teaching that no teacher can continue 
to develop as he should if he is over- 
burdened with teaching and commit- 
tee assignments. Moreover, the in- 
stitution should adopt an active rather 
than a passive role in creating the 
right kind of environment for addi- 
tional learning on the part of its fac- 
ulty. This implies that the institution 
give moral and, to the limit of its abil- 
ity, financial encouragement to fac- 
ulty study. 


Sabbatical Policies Weak 


Sabbatical leave policies in our col- 
leges and universities leave much to 
be desired. An impression is abroad 
that fewer rather than more individ- 


uals are being given sabbaticals. The 
common practice of offering an eligi- 
ble staff member a full year’s leave at 
half pay or a half year’s leave at full 
pay—salaries being what they are— 
often causes faculty members to de- 
cide that they cannot afford to make 
the financial sacrifice entailed in ac- 
cepting sabbatical leave. This is a 
difficult problem for the institutions, 
for generally they must make every 
dollar do the work of two. Neverthe- 
less, every effort should be made by 
Deans and Presidents to see to it that 
faculty members are encouraged to 
become more competent in every way 
and to the fullest extent possible. 

From a somewhat different view 
point, the entire society must come to 
realize that the teaching profession is 
not a sinecure for lazy do-nothings. 
An attitude all too frequently en- 
countered among the lay public is 
that the present salary level for teach- 
ers is quite adequate because, after 
all, they only work a few hours a 
week. Teachers are in an unfortu- 
nate position because of this attitude, 
since efforts to correct it could easily 
be construed as a drive toward secur- 
ing special privileges and special con- 
sideration for a limited group. Nev- 
ertheless, there almost surely are ways 
to inform the public concerning the 
dire need for continuing, intensive 
study by teachers as a part of the job 
for which they are paid. 
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All concerned with maintaining 
and improving the quality of educa- 
tion in our colleges and universities 
must take it upon themselves to im- 
prove the environment surrounding 
the problem of providing opportu- 
nities for faculty study. Most col- 
leges and universities already feel 
they have a very important responsi- 
bility here, but the responsibility of 
industry and government must also 
be recognized and accepted. Indus- 
try and government at all levels must 
accept a fuller share of the task of 
providing new and valuable experi- 
ences for college teachers. 


Programs Open 
for Advanced Study 


The environment in many of our 
institutions is even now highly con- 
ducive to the encouragement of self- 
improvement by faculty members. A 
considerable number of forward-look- 
ing industries have already initiated 
programs which can be significant in 
improving the competence of engi- 
neering teachers. Quite a few major 
laboratories operated by or for the 
government undertake important pro- 
grams designed to provide research 
experience and on-the-job training for 
engineers and scientists. So far as I 
know, no directory has been prepared 
which lists opportunities of this kind. 
I therefore describe below some pro- 
grams which have come to my atten- 
tion. None is concerned with engi- 
neering alone, but all those mentioned 
do provide at least a limited amount 
of support in the field of engineering. 

The word “study” in the context 
“Opportunities for Faculty Study” is 
meant to cover the broad field of 
faculty improvement. The following 
data therefore divide into two sub- 
areas: opportunities for formal study 
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or training, commonly in an academic 
or quasi-academic situation; and op- 
portunities for on-the-job work ex- 
perience, usually involving research 
or development. 


Formal Study 


Formal training opportunities are 
generally associated with seeking an 
academic diploma. For college fac- 
ulty, this would normally mean train- 
ing leading to a master’s or doctoral 
degree. In engineering, perhaps more 
than in most other disciplines, colleges 
have often found it desirable or nec- 
essary to use as staff members individ- 
uals trained to the first or second pro- 
fessional degree level only. Until 
relatively recent years, the proportion 
of engineers trained to the doctoral 
level in engineering has been quite 
small. The tremendous developments 
in science and engineering over the 
last few decades, however, have led 
to a need for more extensive training 
of those who teach the oncoming gen- 
eration of scientists and engineers. 
Faculty members of engineering col- 
leges who wish to obtain additional 
graduate training will find that there 
are several alternatives among which 
to choose. Teaching and research 
assistantships are relatively plentiful 
these days, and many _ universities 
would be delighted to obtain an ex- 
perienced engineering teacher for 
such positions. 

Obviously, the engineering teacher 
who has had, say, five to ten years 
teaching experience and has by the 
nature of things acquired responsibil- 
ities and tastes which cannot be sup- 
ported at the relatively low levels of 
salary provided by such _ positions, 
generally finds them unacceptable as 
avenues to forwarding his formal 
training. Most predoctoral fellow- 
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ship programs provide stipends for 
graduate students which are pur- 
posely set low to conform with the 
level of support provided for the 
teaching and research assistants in our 
graduate schools. Thus these awards, 
too, generally prove inadequate for 
the established engineering teacher. 
For the teacher with a doctoral de- 
gree, the situation is somewhat bet- 
ter. Several channels are open which 
provide more realistic financial sup- 
port for established faculty members. 
The National Science Foundation has 
for five years awarded postdoctoral 
fellowships which carry stipends of 
$3400 plus dependency allowances of 
$350 per dependent. These awards 
also provide payment of required tui- 
tion and fees and travel to the institu- 
tion where the Fellow is to study. 
Beginning with its March, 1957, 
awards, however, the Foundation has 
increased its postdoctoral stipends to 


$3800. 


New Senior Awards 


Last year (March, 1956) the Foun- 
dation announced the first group of 
awardees under its new Senior Post- 
doctoral Fellowship Program. These 
awards are available to individuals 
five years or more past the doctoral 
degree who wish to spend three to 
twenty-four months in additional train- 
ing. Engineers are eligible to com- 
pete, and stipends are closely geared 
to the salary of the applicant as of 
the time he applies. Of the first 65 


awards made under this new pro- 
gram, two went to engineers, though 
there were only seven applications 
classified under “engineering.” There 
are indications—and hopes—that larger 
numbers of engineering faculty mem- 
bers will apply in years to come. 
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These awards are made twice yearly, 
in March and October; information 
concerning the program can be ob- 
tained from NSF at all times. 

Other groups make available lim- 
ited numbers of awards for which en- 
gineers are eligible to apply, as, for 
example, the program now being con- 
ducted by the Southern Fellowships 
Fund, an agency of the Council of 
Southern Universities, Inc. The pri- 
mary purpose of this program is the 
advancement of teaching and scholar- 
ship in colleges and universities in 
the Southern area. 

A few fellowship awards are also 
made each year in the field of engi- 
neering by the John Simon Guggen- 
heim Foundation, and these carry 
varying stipends determined on the 
basis of the specific financial needs 
of the individual receiving an award. 
Competition is very keen, but the 
honor associated with receiving a Gug- 
genheim fellowship is correspondingly 
great. Although they are not fellow- 
ships, in the strict sense of the word, 
Fulbright Awards offer faculty per- 
sonnel unusual and highly desirable 
opportunities for overseas study, re- 
search, and travel. 

The addresses of the groups al- 
ready mentioned, and those of two 
other fellowship-awarding groups 
(the John Hay Whitney Foundation 
and the American Association of Uni- 
versity Women) are available from 
the author. 

In recognition of the problems 
which exist for the established teacher 
when he wishes to obtain additional 
formal training, the National Science 
Foundation has devised a new fel- 
lowship program which is known as 
the NSF Science Faculty Fellowship 
Program. In general, its characteris- 
tics are as follows: Individuals who 
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have had three or more years experi- 
ence as college teachers of science or 
engineering will be eligible to apply; 
the program will be open both to 
those who have and those who do not 
have a doctoral degree; stipends for 
these fellowships will be individually 
determined and will be based on the 
salary level of the applicant at the 
time he makes application; a major 
consideration in selecting Fellows for 
awards in this program will be the 
degree to which they show promise 
of becoming effective and inspiring 
teachers; although research may be 
undertaken during the tenure of one 
of these awards, the major purpose 
underlying the program is to improve 
the fellowship recipients as teachers 
rather than improving them as re- 
search workers. 


On-the-Job Opportunities 


Turning now to kinds of opportu- 
nities available in government and 
industrial laboratories, I have not 
been able to collate information con- 
cerning industrial laboratories and 
plants which offer summer employ- 
ment—with its concurrent training 
elements—to faculty members. The 
number of such organizations is large 
and growing. Information is avail- 
able, however, concerning opportu- 
nities in government laboratories and 
in laboratories supported in large 
measure by the Federal government. 

First of all, the Oak Ridge Institute 
of Nuclear Studies has for some time 
been inviting faculty members from 
schools all over the country to come 
to Oak Ridge for varying periods of 
research and study. The project is 
known as the Oak Ridge Research 
Participation Program. Engineers and 
scientists selected are put on salary 
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for the period during which they 
work at Oak Ridge—a salary com- 
mensurate with that paid by their 
home institution. Special efforts are 
made for participants to receive ex- 
perience—usually in one of the divi- 
sions of the Oak Ridge National Lab- 
oratory—most valuable for them upon 
their return to their home institutions. 
Although the program is primarily re- 
search-oriented, with the expectation 
that participants will continue re- 
search after they leave Oak Ridge, it 
is hoped that the teachers involved 
in it will take back with them to their 
own campuses a refreshed and more 
inspiring point of view so that their 
instruction will become more vital. 
The Brookhaven National Labora- 
tory, operated by Associated Univer- 
sities, Inc. for the Atomic Energy 
Commission, supports a program of 
this same nature. Several engineer- 
ing faculty members can be taken 
care of at Brookhaven in essentially 
the same manner as that outlined for 
Oak Ridge. Engineers interested in 
design and construction problems as- 
sociated with large particle accelera- 
tors—as well as those interested in 
nuclear technology—are particularly 
likely to find the opportunities at 
Brookhaven challenging. The Ar- 
gonne National Laboratory, operated 
for AEC by the University of Chi- 
cago, offers similar opportunities. 
Various other laboratories operated 
by or for the government welcome 
faculty members as temporary em- 
ployees. One of the more notable 
examples is the Naval Research Lab- 
oratory in Washington, D. C. NRL 
can provide work-study opportunities 
for a good many faculty members for 
either the summer months only or a 
full academic year. Excepted civil 
service appointments are available 
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for such people at salaries ranging 
from about $6,000 to $10,000. 

Other Naval laboratories provide 
similar opportunities for faculty mem- 
bers. The Naval Ordnance Labora- 
tory, the Naval Air Station, the David 
Taylor Model Basin, the Naval Elec- 
tronics Laboratory, and the Naval 
Ordnance Test Station all offer posi- 
tions to visiting professors and staff 
members from universities and col- 
leges. 

A number of Air Force installations 
offer comparable work-study oppor- 
tunities, as do several Army labora- 
tories and units. A partial listing of 
these groups is available from the 
author, and if interest justifies can be 
printed in the JouRNAL. 

The National Bureau of Standards 
on occasion finds it desirable to hire 
faculty personnel on a temporary ba- 
sis. In addition, NBS will be glad 
to consider providing special research 
facilities for “visiting firemen” with 
special problems to investigate, who 
find it impossible to secure adequate 
facilities in their own institutions. In 
these cases, the visitors are treated as 
honored guests, but receive no remu- 
neration from the Bureau. 


Research Associateships 


Other non-military governmental 
groups recruit small numbers of fac- 
ulty members for summer employ- 
ment of various kinds—the Bureau of 
Mines, the Coast and Geodetic Sur- 
vey, the Department of Agriculture, 
and the Patent Office are examples. 

Several laboratories mentioned have 
established another mechanism of 
possible interest to some faculty mem- 
bers. The Brookhaven National Lab- 
oratory, the National Bureau of Stand- 
ards, the Naval Research Laboratory, 
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and the Argonne National Laboratory 
all provide special research associate- 
ships for individuals who hold the 
doctoral degree and who wish to work 
with the respective staffs of these lab- 
oratories for a period of a year or so 
on research problems of mutual in- 
terest. These research associateships 
are set up so that they are similar 
in many ways to postdoctoral fel- 
lowships. They are limited, however, 
to the extent that the research carried 
out under these awards must be done 
at the specific laboratory involved. 
For the benefit of Deans and De- 
partment Chairmen, it should be 
pointed out that most government 
laboratories offering research-training 
opportunities for faculty members are 
keenly conscious of the fact that they 
would be doing higher education— 
and science—a disservice if they at- 
tempted to recruit for their own staffs 
the people who come to them from 
college campuses for limited periods. 
Clearly it is not possible to guar- 
antee that every faculty member 
who leaves a college to take part 
in such programs will return to teach- 
ing. Equally clearly, some flow from 
universities to government labora- 
tories cannot be prevented, even in 
the absence of the programs I have 
mentioned. In fact, a fairly strong 
case can be made for the desirability 
of such shifts of personnel—particu- 
larly if the direction of flow can be 
reversed occasionally, as it is. 
Another category of opportunities 
for faculty members should be men- 
tioned. In referring earlier to faculty 
opportunities at the Argonne Na- 
tional Laboratory, I omitted specific 
reference to the summer institute held 
there this past summer for engineers 
interested in learning more about the 
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impact of nuclear technology on vari- 
ous areas of engineering. 

Co-sponsored by ASEE, AEC, and 
NSF, with administration by North- 
western University, this institute was 
based at and utilized facilities of the 
international atomic energy school at 
Argonne. A special series of courses 
was offered, tailored to needs of 
faculty members from American col- 
leges of engineering. It is hoped 
that, by means of this special insti- 
tute, engineering schools throughout 
the country will be enabled to in- 
augurate sooner than they otherwise 
might special courses for engineers 
interested in the new area which, for 
lack of a better name, is being called 
nuclear engineering. 

Participants in this institute re- 
ceived stipends from two sources: 
their own institutions and a fund pro- 
vided for this purpose by the National 
Science Foundation. A similar pro- 
gram was also carried out at the 
Brookhaven National Laboratory. 

No one expects that eight-week ses- 
sions can transform mechanical and 
electrical and chemical engineers into 
nuclear engineers; but faculty mem- 
bers already trained in engineering 
may at such institutes determine, un- 
der unusually fortunate circumstances, 
ways in which special problems aris- 
ing in this new and important area of 
nuclear energy utilization impinge on 
their own disciplines. 

Several comparable institutes are 
planned for the summer of 1957. In- 
formation concerning these programs 
may be obtained from the Atomic 
Energy Commission (Civilian Reactor 
Division ), Washington 25, D. C. 

Mention should be made, as well, 
of the Radioisotope-Training Program 
conducted since 1948 by the Special 
Training Division of the Oak Ridge 
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Institute of Nuclear Studies. About 
six times each year this program 
makes available four-week courses in 
the basic techniques of using radio- 
isotopes. Participants attend at their 
own expense, but for those who need 
the subject matter covered, it is an 
extremely valuable offering. 

The National Science Foundation 
has supported since the summer of 
1952 a number of special summer in- 
stitutes for college and high school 
teachers. These institutes, although 
differing in a number of respects from 
the Argonne Institute described above, 
also share some of its major charac- 
teristics. Last summer 25 such insti- 
tutes were sponsored by the Founda- 
tion. This program is being expanded 
for the future, and it is quite possible 
that one or more such institutes di- 
rected specifically toward the further 
training of engineering college faculty 
members may be available during the 
summer of 1958 or thereafter. 

Omitted from this quick survey is 
reference to opportunities of inter- 
university exchange of personnel, such 
as the possibility of a faculty member 
at one institution becoming a tempo- 
rary staff member at another—either 
as a research associate, a member of 
the instructional staff, or both. These 
possibilities are undoubtedly well- 
known to college and university fac- 
ulty personnel—and since such oppor- 
tunities are not operated on a pro- 
grammatic basis, it is impossible to 
do more than note that those who are 
interested in exploring such possibil- 
ities can best do so through contacts 
in the academic community. 


Other Possibilities 


A survey of this type can never be 
complete—too many programs are dy- 
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ing, being born or modified all along. — ones that an interested faculty mem- 
While the information presented above ber could uncover if he wished to ex- 
is considered to be fairly accurate, plore the subject more fully. 

and a few of the possibilities men- (The author has compiled a list of 


tioned are perhaps assembled here organizations from which further in- 
for the first time, the opportunities formation can be obtained; this list 
dealt with are certainly not the only __ is available on request. ) 





REPORT ON FEDERAL RESEARCH BUDGET 


The National Science Foundation has released a new report, 
Federal Funds for Science, V, by C. E. Sunderlin, Deputy Director 
of the NSF. The report analyzes for the fiscal years 1955, 1956, 
and 1957 the federal scientific research and development budgets 
according to administrative agencies, scientific fields, and character 
of the project. 

In fiscal 1956, the federal government spent an estimated $2.4 
billion for scientific research and development activities, a 7% 
increase over 1955. For the current fiscal year, about $2.7 billion 
will be spent, 12% more than in 1956. 

By far the greater part of the federal research budget is devoted 
to applied research and development. Although comparatively 
small, the proportion spent for basic research is increasing, and in 
fiscal 1957, basic investigations will account for almost 9% of the 
research budget. Physical sciences, including engineering, account 
for some 87% of the funds, the life sciences for 11%, and the 
social sciences for 2%. 

















TRENDS IN LABORATORY INSTRUCTION 
FOR MECHANICAL ENGINEERING 


EVERETT D. HOWE 
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University of California, Berkeley 


A paper prepared for the Mechanical Engineering Conference, Ames, 
Iowa, June 26, 1956. Recommended for a by the Division. 


The cooperation of twelve department hea 


and faculty members who 


returned questionnaires and helpful comments is appreciated. 


The material which follows relates 
primarily to the senior laboratory 
courses offered in most Mechanical 
Engineering curricula as an impor- 
tant part of the instructional pro- 
gram. These courses are variously 
designated as Mechanical Engineering 
Laboratory or Heat Power Labora- 
tory, and require from three to eight 
semester credit hours of instruction. 

The primary purpose of these 
courses is to reinforce the teaching of 
scientific and engineering principles 
given in lecture courses. There seems 
to be general agreement that labora- 
tory instruction is essential to success- 
ful mastery of the subject matter. 


Laboratory Objectives 


Secondary objectives of laboratory 
instruction differ among the several 
schools but generally include one or 
more of the following: 


1, to teach the use of basic instru- 
ments to obtain accurate data 

2. to teach the organization of tests 

3. to teach the techniques of an- 
alyzing experimental data 

4. to give practice in the communi- 
cation of the results of experi- 
mental work, generally in the 
form of written or oral reports 

5. to develop in the student the at- 
titude of the research worker. 


General acceptance of the above 
objectives as being important and de- 
sirable for senior students in mechan- 
ical engineering leads one to specu- 
late on the possible applications of 
the techniques acquired. For back- 
ground, therefore, it may be well to 
review the characteristics of a pres- 
ent-day engineering career. 

Many definitions of engineering 
have been offered. The one I prefer 
is that given at the Seattle meeting 
in 1950 by Morrough P. O’Brien, 
namely: 


“The activity characteristic of pro- 
fessional engineering is the design of 
structures, machines, circuits, or proc- 
esses, or of combinations of these ele- 
ments into systems or plants and the 
analysis and prediction of their per- 
formance and costs under specified 
working conditions. Professional en- 
gineers are persons qualified to en- 
gage in this activity.” 


This seems to distinguish the engi- 
neers as a group from the scientists 
through the emphasis on design and 
economics, with the addition that the 
mechanical engineer devotes his time 
primarily to design and analysis re- 
lating to machines and mechanical 
systems. The responsibility of the 
mechanical engineer to his employer 
or client requires that he be sure of 
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any recommendations he makes, and 
that he be convincing in presentation. 

Normal procedures followed in the 
production of a new item begin with 
the conceiving of the device and a 
decision to produce it, based gen- 
erally on a market survey. This is 
followed in turn by the preliminary 
design determining over-all character- 
istics, the development phase involv- 
ing experimental investigation of new 
components, the production of a pro- 
totype or mock-up to verify the as- 
sembly as a whole, and the detailed 
design for production and final test of 
the product. 

Young engineering graduates are 
generally involved in any of the ex- 
perimental phases of the program, 
namely: 


l. research activities which lead 
to the initial conception 
developmental activities 

testing of final product 
acceptance tests by purchaser. 


wm Yo bo 


For all of these activities, the second- 
ary objectives would seem to lay a 
suitable foundation and to emphasize 
the importance of acquisition of tech- 
niques in the laboratory. 


Trends and Fashions 


Having attempted to set down the 
present position of laboratory instruc- 
tion, it is appropriate to consider 
trends, defined as underlying or pre- 
vailing tendencies and _ inclinations. 
These are predictable in some cases, 
and subject to fashion in others. For 
example, one can evaluate the trend 
of atmospheric temperature from sci- 
entific principles and the observation 
of factors such as the change in gas- 
eous components. Similarly, the re- 
lationship between the removal of 
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gas from wells in the Long Beach 
area and the subsidence of land on 
Terminal Island makes possible the 
evaluation of the trend of the latter 
quantity. 

Fashions seem to rule, however, in 
many instances besides the familiar 
one of clothing. For example, the 
subjects offered by the departments 
of Mechanical Engineering over the 
years reflect the technically important 
devices of the time. Specifically, 
where does one find today a course 
on valve gears for steam engines? 
Thirty years ago one such course 
could be found in most departments. 

Conversely, an examination of the 
catalogs of fifty years ago would re- 
veal few, if any, courses in aerody- 
namics, a subject presently listed by 
many departments of Mechanical En- 
gineering. Thus, it would appear 
that the scientific subject matter of 
laboratory courses will reflect the 
changing subject matter of the prac- 
ticing mechanical engineer. This has 
included in past years equipment for 
central power stations, air condition- 
ing devices, aeronautical engineering 
devices, and presently shows increas- 
ing emphasis on the gas turbine and 
other modern propulsion components 
as well as on the use of nuclear 
energy. 

Trends influenced by the secondary 
objectives have to do with the tech- 
niques to be developed for later use. 
Whereas in years past it has seemed 
important for the young man to op- 
erate machinery, to do a certain 
amount of service work on it, and to 
be a sort of combination millwright 
and supervisor, the modern empha- 
sis seems to be on the analytical side. 

Modern research or test groups 


generally include technologists who 

















Mar., 1957 


understand the functioning of equip- 
ment, and mathematicians or scien- 
tists who are qualified to do the de- 
tailed analytical work, as well as the 
engineering graduate who would nor- 
mally be expected to perceive the 
relative importance of the various 
pieces of work to be done and to or- 
ganize the group for most effective 
completion of these activities. One 
function of the senior laboratory 
course should be to develop the frame 
of mind and the techniques which 
should enable the graduate to play 
his proper role. 


Student Needs and Interests 


Before terminating this general 
theme, some attention should be 
given to the needs and interests of 
those primarily concerned with this 
course. The students below the sen- 
ior year look forward to the taking 
of a difficult and _ time-consuming 
course. Graduates of the curriculum 
with a few years of experience in in- 
dustry look back on the course with 
nostalgic memories, and frequently 
state that the habits of careful inves- 
tigation and analytical evaluation 
formed there have been most valu- 
able to them. 

On the other hand, chairmen of de- 
partments of Mechanical Engineering 
generally have serious problems in 
the staffing of these courses. The 
young faculty member generally can 
expect at least part of his teaching as- 
signment to consist of this laboratory 
course. For each of these interested 
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parties, one could invent a trend fav- 
orable to his needs or desires. 

For the undergraduate, a desirable 
trend would probably indicate more 
actual laboratory work and less -re- 
port-writing and evaluation. For the 
young man a few years out of school, 
it would probably be quite the op- 
posite. For the departmental chair- 
man, a favorable trend might be one 
toward reduction or even elimination 
of laboratory courses and the head- 
aches that go with maintenance of 
the facilities and staffing problems. 

For the young engineering teacher, 
a favorable trend might involve bet- 
ter preparation of the students through 
more laboratory work in previous 
years and an increased ability on the 
part of the student to express himself. 
No doubt each member of the audi- 
ence who has been involved in the 
course will have invented for himself 
a favorite trend which the course 
should take. To a certain extent, the 
trend in any institution will be in- 
fluenced by the above factors. 


Conclusions 


In summary, it would appear that 
the future development of the senior 
laboratory courses for mechanical en- 
gineering students will be influenced 
as to subject matter by the changing 
emphasis of the profession. The par- 
ticular techniques to be developed in 
the student seem to be moving more 
toward report-writing and evaluation 
rather than toward operational and 
manipulative skills. 


ny 
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Engineering consists very largely 
of perceiving useful similarities in the 
behaviors of elementary bits of engi- 
neering substances, of macroscopic 
machine elements and processes, and 
of entire machines and systems. Con- 
sequently, it becomes most impor- 
tant to stimulate an undergraduate 
awareness of these similarities and of 
their significance. 

Unfortunately, similitude is a tre- 
mendous field which should be sur- 
veyed from many points of view. 
This paper suggests a series of three 
laboratory experiments which will 
demonstrate a particular kind of 
similitude and present an opportunity 
to verify a prediction of machine 
characteristics, based on _ similitude 
considerations, but which would not 
be anticipated intuitively. 

The concept of similitude and the 
application of its principles are topics 
well suited to laboratory exposition. 
On the one hand, they are directly re- 
lated to the practice of experimental 
engineering; on the other, their con- 
sequences, which often contradict in- 
tuition, require confidence-inspiring 
physical demonstration. In the hands 
of an engineer who comprehends it 
intellectually, has confidence in its 
universality, and has experienced its 
utility, similitude is an enormously 
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powerful tool. Comprehension may 
perhaps be achieved in the lecture 
hall, but laboratory experience is the 
only hope of inspiring confidence and 
of demonstrating utility. 


Focus on Fluid-Dynamic Similitude 


Since the similitude concept is of 
special value in dealing with fluid- 
dynamic machines, it is this aspect of 
the subject which these experiments 
emphasize. The scope is arbitrarily 
restricted still further to incompress- 
ible steady-flow phenomena. The 
purpose of the experiment is to dem- 
onstrate usefulness in a simple view 
of fluid-dynamic phenomena in prac- 
tical machines, to wit: 


(1) Similitude between two fluid 
dynamic events means detailed kine- 
matic similitude, i.e., geometric sim- 
ilarity of streamlines. (Note that this 
similarity requires geometric similar- 
ity of apparatus, and equality of all 
ratios for corresponding velocities. ) 

(2) Laminar boundary layers are 
of negligible dimensions in relation 
to the flow passage sizes, and outside 
these layers both normal and shear 
stresses in the fluid depend exclu- 
sively on inertial effects. 

(3) As a consequence of (1) and 
( 


2) and the assumption of incom- 


~ 
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pressibility, the pressure differences 
between corresponding points under 
similar conditions are proportional to 
the fluid densities and to the squares 
of any corresponding characteristic 
velocities. 

(4) Most important of all, the de- 
tailed kinematic similitude of (1) is 
a necessary consequence of gross 
kinematic similitude. The latter is 
established when all external controls 
have been used to effect kinematic 
similitude. Thus two velocities char- 
acterizing the kinematics of a pump 
are susceptible to independent external 
control. One of these, associated with 
the moving parts (say the peripheral 
speed of the impeller), is regulated 
by adjusting the shaft speed. 


The second, associated with the 
fluid flow (say the mean velocity in 
the inlet pipe), is regulated by ad- 
justing the flow resistance in the ex- 
ternal hydraulic circuit. A particular 
ratio between these two controllable 
velocities, wherever established for a 
particular machine or its geometrically 
similar counterparts, corresponds to 
a particular detailed kinematic pat- 
tern and to a corresponding dimen- 
sionless dynamic performance. This 
is the essential idea underlying the 
whole group of experiments. 

The student should embark on these 
experiments only after having been 
intellectually committed to this prin- 
ciple and to its corollary. The prin- 
ciple is summarized for a pump or 
hydraulic turbine: 


pi — Pi V. 
oV2/2e. 7 (4) (1) 


and the corollary is 


Ks 
7 = F( ‘) (2) 
w 
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where 


D—Any characteristic dimension- 
say impeller diameter 

g.-—Proportionality constant in New- 
ton’s second law 

pi, P;—Pressures at any two points 2 
and j, all 2’s and all 7’s having cor- 
responding locations 

V.—Any characteristic fluid velocity 
—often chosen to be Q/D? where 
Q is volume flow rate 

p—Density of fluid 

w-—Angular velocity of shaft 

n—Efficiency. 


Presumably the relationships (1) 
and (2), or their equivalents, will 
have been developed in Fluid Me- 
chanics courses, either by direct phys- 
ical reasoning about incompressible 
fluids of nearly zero viscosity or 
through the application of dimen- 
sional analysis. In neither case will 
the student be really convinced of the 
existence or significance of these rela- 
tionships. 

The physical reasoning is apt to 
seem abstract, and the dimensional 
reasoning leads to these simple con- 
clusions only after the teacher has 
exercised his judgment in pronounc- 
ing unimportant the Reynolds, Froude, 
Peclet, and other numbers involved. 
Despite his skepticism or apathy, the 
student should be made conscious 
that these experiments are centered 
on equations (1) and (2). 

Incidentally, I will apologize now 
for my cavalier treatment of Rey- 
nolds, Mach, or any other of your 
favorite similarity indices. The em- 
phasis is placed upon the kinematic 
index because of the dominance of 
its role as compared to those usual 
for .viscosity, surface tension, and 
even for compressibility. 
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The Experimental Vehicle 


It is the purpose of these experi- 
ments to produce experiences which 
are advantageously correlated on a 
dimensionless basis—thereby demon- 
strating the similarity of apparently 
diverse events and implying similar- 
ity of a great many events not ob- 
served—and to pose some engineering 
questions which the similitude prin- 
ciples will answer. A fluid torque- 
converter, in its components and in 
its entirety, exhibits very interesting 
dynamic performance characteristics. 
Unfortunately in its commercial form 
it is a little too compact for investiga- 
tion in an educational laboratory. 

A pair of centrifugal pumps (one 
being run backward as a turbine) 
can, however, compose a torque con- 
version system which is readily ex- 
plorable in some detail. The accom- 
panying sketch indicates such a pair 
of machines equipped with dynamom- 
eters as they are arranged in our lab- 
oratory at M.I.T. Not only can these 
machines be operated jointly as a con- 
verter, but they can be tested sep- 
arately as pump and turbine. 


First Experiment— 
Overall Performance 


This experiment is made without 
reference to similitude concepts; it is 
intended that in retrospect it will con- 
stitute an object lesson in the econ- 
omy of similarity correlations. The 
operating variables pertinent to the 
complete torque converter are identi- 
fied: Np and Nz, the input (pump) 
and output (turbine) shaft speeds, 
are independently controllable, and 
Pp and Pp are the dependent input 
and output powers. The ratio of the 
latter, P;/Pp, is the converter eff- 
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ciency, 7. The performance of the 
converter is, then, fully described by 
the relationships, 


Pr = F(Np, Nr), (3) 
n =f(Np, Nr). (4) 


The experiment proper consists of 
establishing these relationships by 
conventional test procedures. During 
the course of this test the geometry 
of the converter should remain fixed, 
i.e., the valves should direct all the 
pump flow through the turbine, and 
restrictions between the machines and 
in their connections to the common 
sump should be minimized. 


Second Experiment— 
Component Tests 


This experiment is intended to es- 
tablish the basis for “explaining” the 
converter performance as established 
by the first test series. A very modest 
definition of “explanation” is adopted, 
namely, demonstration of the consist- 
ency of that performance with the be- 
haviors of the pump and turbine con- 
sidered separately. Specifically, the 
experiment consists of determining 
these individual operating character- 
istics for both machines. 

From the educational point of view, 
student participation in the planning 
of this experiment, with its ultimate 
objective in mind, is crucial. Each 
of the planning steps enumerated be- 
low should be taken with the greatest 
of care; none should be glossed over 
as obvious, and no data should be 
taken without specific understanding 
as to how they will be used to achieve 
the ultimate goal. 


(1) The components must be iden- 
tified and their boundaries defined. 
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Does the pump begin at the free sur- 
face of the sump or at the inlet flange? 
Does the turbine have a common 
boundary with the pump, or is the 
connecting piping to be considered 
another component of the system? 
(My advice is to exercise one’s free- 
dom of choice in these matters to re- 
duce the converter to only two com- 
ponents, (a) the pump, starting at the 
sump surface and extending to the 
pressure gage at its discharge, and 
(b) the turbine, starting at this same 
gage and extending to the sump. ) 


(2) Identification of the independ- 
ent and dependent variables of opera- 
tion for each component. 

(3) Decision as to how the inde- 
pendents are to be brought under con- 
trol and the dependents measured. 

(4) Adoption of a mode of correla- 
tion for the results in view of their in- 
tended purpose. 


The similitude concept enters the pic- 
ture at this point. The result of the 
last three steps of the planning proc- 
ess should be to predict the existence 
of relationships in the forms: 
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where pp, pr and py are total pres- 
sures (referred to the same elevation ) 
at the pump discharge, turbine inlet, 
and sump surface, respectively. 

The experiment proper consists in 
determining these relationships. Pre- 
sumably the testing will be performed 
primarily at constant speeds of the 
components, but confidence in the 
dimensionless correlations should be 
developed by confirming that points 
taken at random at other speeds will 
fall on the same curves. 


Third Experiment— 
Synthesis of Overall Performance 


This is less an experiment than an 
analytical exercise which should re- 
sult in a demonstration of the consist- 
ency of the results from the first and 
second experiments. It becomes a 
physical experiment when the analysis 
develops an unexpected generaliza- 
tion which the student should wish 
to check. 

The analysis which the student 
should attempt by himself is based on 
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the recognition that when the pump 
and turbine are coupled as a torque 
converter 
pe — po = pr — Po (9) 
and 
Qp = Qr. (10) 


These facts lead to the further equal- 
ities 


de = NPD eho . NeDr (11) 
and 
opNpDp* = orNrD9’. (12) 


These latter equations may be re- 
formulated thus, 


neal 2 y( Dr ) (13) 
vr = r\ Vd Dp, 3 

= = )( = ) (14) 
or = op Nr Del 


Now because the diameter ratio is 
known, if we choose an arbitrary op- 
erating point Wp, ®p (any pair of 
values on the pump operating curve ), 
v, and ©, each become functions of 
Np/N7z and hence of each other . This 
intersection represents the only pos- 
sible operating condition for the tur- 
bine corresponding to the assumed 
pump operating condition. 

Among other things which are thus 
established are the corresponding ef- 
ficiencies yp and yr. In view of the 
efficiency definitions in equations (6) 
and (8), and the equalities of flows 
and pressure differences in equations 
(9) and (10), we also know the con- 
verter efficiency, 


and 





n = NTP. (15) 
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Repetition of this procedure results 
in the establishment of an operating 
curve for the converter. This infor- 
mation can be expressed in various 
forms, among which are the following: 


Np ; 
n=f (=) (16) 


and 
QO(pr — po) Np 
nT = <P f - = fF hl (17) 
P/ Ze x ‘A Dy? Ver 
or 


p/g. X NPD, a = ( 


The relations (16) and (18) are pre- 
cisely equivalent to functions (3) and 
(4) as determined in the first experi- 
ment; this equivalence is a main 
point of the final test. The sim- 
plicity of the efficiency function (16) 
is probably not expected by the stu- 
dent. Its validity should be verified 
by random spot checking of the over- 
all performance. It should also be 
pointed out that its existence might 
have been directly anticipated from 
the basic similitude concepts. 

The ratio of shaft speeds is the in- 
dex of kinematic similitude, because 
these speeds are the only externally 
controllable kinematic quantities (re- 
member we're not allowed to manip- 
ulate valves because they vary geom- 
etry), consequently they control the 
gross kinematics, hence the detailed 
kinematic pattern of the fluid flow 
within the component machines. 


In Closing 


This paper has been intended less 
as a prescription for a specific series 
of experiments than as an exposition 
of an important engineering concept 
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which is peculiarly suited to labora- 
tory treatment. If one exhausts the — power and speed of input—he can al- 
possibilities of the torque converter— 
including such problems as choosing 
a more appropriately sized turbine 
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for use with a given pump, or selec- _ ponents, for study. 





SUMMER COURSES IN AUTOMATIC CONTROL 


The University of Michigan College of Engineering has an- 
nounced two summer Intensive Courses in Automatic Control. 
The first is scheduled for June 17 to 22, and the second for June 
24 to 26, 1957. The aim of the courses is to teach engineers the 
fundamentals of modern automatic control and to provide a com- 
prehensive set of notes to serve as a framework for further study. 

Course I will consist of the fundamentals in measurement, com- 
munication, and control and will include some basic work in non- 
linear systems. Course II will take up applications of the funda- 
mentals to more advanced problems. There will be four hours of 
lecture each morning and three hours of laboratory demonstration 
in the afternoon. Extensive use will be made of computing, instru- 
mentation, and servo laboratories. The role of analog computing 
methods will be emphasized. 

April 15 is the closing date for registration. Further informa- 
tion can be obtained from Professor L. L. Rauch, Room 1521, East 
Engineering Building, University of Michigan, Ann Arbor, Michigan. 





tion of the best diameters for a given 


ways turn his attention to the deep- 
well jet-pump, an even more challeng- 
ing synthesis of fluid dynamic com- 
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ELECTRICAL THEORY 


FOR NON-ELECTRICAL STUDENTS 
KENNETH A. FEGLEY AND DAVID B. GESELOWITZ 


Assistant Professor and Instructor, 
The Moore School of Electrical Engineering, 
University of Pennsylvania, Philadelphia 4 


A paper presented at the Electrical Engineering Conference, 
June 26, 1956, Ames, Iowa. Recommended for publication 
by the Division. 


In what follows, we have tried 
again to find answers to the following 
long-lived questions: 


(1) What electrical engineering 
topics should be included in the cur- 
riculum for non-electrical engineer- 
ing students? 

(2) Should all non-electrical engi- 
neering students take the same elec- 
trical engineering courses? 

(3) How much time is required to 
present electrical engineering topics 
to non-electrical students? 


These questions are not new and 
answers have been given before. It 
is desirable, however, that we con- 
tinue to evaluate our curricula, espe- 
cially in service areas. 


Curricular Planning 


In formulating a curriculum, a 
sound beginning is to determine the 
objectives of the curriculum and the 
limits within which we must work. 
The faculty of the engineering schools 
at the University of Pennsylvania 
some time ago approved the follow- 
ing “Principles for the Construction 
of Engineering Curricula.” 

1. There is an optimum “work 
week,” of class hours plus study for 
the average student, a load which 
totals approximately 50 hours. 


2. All engineering students are 
likely to be best prepared to learn 
about the (presently unknown) liv- 
ing they will do after graduation if 
they undertake one of the several 
balanced and coordinated undergrad- 
uate programs of mathematics, phys- 
ics, and chemistry; oral and written 
communication, humanities, and so- 
cial studies; engineering science; and 
work in their major field. 

3. The effectiveness of any under- 
graduate program can be enhanced 


by: 


a. Maintaining standards of admis- 
sion that will result in continual 
improvement in the quality of 
our programs and the quality of 
our graduates. 

b. Continually developing an ad- 
vising system that leads to the 
optimum stimulation of each stu- 
dent to do the best job he is 
capable of doing. 

c. Establishing means for contin- 
ually keeping the student aware 
of the interrelation of the vari- 
ous components in his broad 
program of education. 


4. The major purpose of each 
course in the curriculum is to lead 
the student to understanding, en- 
thusiasm, and respect for methods 
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and concepts in the scholarly disci- 
pline of which the course is one part. 
This is best accomplished by the rig- 
orous analysis, in depth, of selected 
topics, and not by the presentation 
of encyclopaedic facts or the superfi- 
cial survey of many topics. 


a. If each course is limited to a few 
topics, the coordination of courses 
is imperative. 


5. Except for a few courses of the 
“engineering major” group, presenta- 
tion should not be exclusively for en- 
gineering students. 


a. The courses in engineering sci- 
ence should be, as the name 
implies, basic discussions using 
mathematics, physics, and chem- 
istry. They should be so con- 
ceived that physicists, chemists, 
and mathematicians will wish to 
take them as part of a major 
program. 


6. In the area of social studies and 
humanities, preference should be 
given to courses that emphasize fun- 
damental concepts rather than spe- 
cialized techniques. 

7. Some all-pervading and _ intrin- 
sically important aspects of the engi- 
neering profession, such as human 
relations, concise and effective speech 
or writing, safety, and costs of design 
or production should be emphasized 
in every course whenever appropriate. 

8. It is wise to design each engi- 
neering curriculum so that those who 
wish to go on to graduate study and 
research are well equipped to do so, 
but care should be taken to design 
the undergraduate curriculum so that 
it does not include topics that prop- 
erly should be the subject of grad- 
uate study. 
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9. Each curriculum should be de- 
signed so that, by elective or other 
procedures, the best students can 
take a challenging sequence of work 
that will bring forth their best efforts. 

10. In. designing a_ curriculum, 
every effort should be made to max- 
imize the efficiency with which a po- 
tentially good engineer completes his 
undergraduate training. Thus, for 
example, the prerequisite system and 
scheduling of courses should be 
planned, if possible, so that an occa- 
sional failure in one course will not 
result in excessive loss of time, and 
so that it will be feasible to encour- 
age and admit students with partial 
training in other disciplines (such as 
liberal arts) into engineering pro- 
grams on an advanced standing basis 
with a minimum loss of time. 

11. It is fundamental to the prin- 
ciples listed herein that engineers of 
the future must be trained broadly 
and basically. As undergraduates, 
they must first find out how to learn. 
Engineering curricula should, there- 
fore, develop in the direction of unity 
of purpose and method. 


Alumni and Faculty Agree 


This set of principles is generally 
compatible with the ASEE Report on 
the Evaluation of Engineering Edu- 
cation. Also, the results of a ques- 
tionnaire sent to alumni of The Moore 
School of Electrical Engineering, Uni- 
versity of Pennsylvania, several years 
ago indicate that these principles meet 
with alumni approval. The question- 
naire was designed to obtain from 
2ach alumnus a critical evaluation of 
the strengths and weaknesses in his 
undergraduate education. An exam- 
ple of the agreement between our 
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faculty at Pennsylvania and our alumni 
is found in the reply to this question: 

“Should the curriculum emphasize: 
(a) basic physical concepts and their 
theoretical elaboration in some typ- 
ical fields of application, or (b) more 
detailed discussion of current engi- 
neering practice?” 

The very large majority of those 
replying favored emphasizing basic 
physical concepts rather than current 
practice. It was frequently suggested 
that current engineering practice 
should serve primarily to illustrate 
how basic concepts are applied. 
Only for the classes graduating dur- 
ing the depression years of 1931-1935 
did a majority favor emphasizing cur- 
rent engineering practice. 

In spite of the many people who 
have in recent years indicated the 
need for emphasizing the fundamen- 
tal concepts, it cannot be assumed 
that this is a universal opinion. There 
are many who feel that the emphasis 
should be on the practical. It is 
argued that for the superior student 
who will take graduate work, the em- 
phasis on basic concepts is fine, but 
that the average student is not well 
served by such a course. 

The need for practical knowledge 
seems to be most keenly felt by the 
civil engineers. Most of the employ- 
ers of civil engineers do not have 
training programs, and the new em- 
ployee is expected to take a transit 
and lay a track or calculate beam 
stresses for a bridge as his first assign- 
ment. Perhaps we should not dis- 
count the student’s first day on the 
job, but it is important to remember 
that he may expect to be on the job 
for 40 years after graduation. 
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What EE Topics 
for Non-Electricals? 


With the student’s needs and a set 
of principles as a guide, what topics 
should be included in the curriculum 
for non-electrical students? 

It can be argued that the topics 
that are included in any course are 
of no importance. It is only neces- 
sary to develop the originality and 
creativity of the student and to in- 
spire and motivate him to learn. The 
topics that are treated need not be 
related to any specific needs of the 
student following graduation. 

This argument is, to a considerable 
degree, valid. It is, however, prob- 
ably easier to motivate the student if 
the topics discussed are relevant in 
time and circumstances. Basic phys- 
ical concepts can be appropriately il- 
lustrated with examples from current 
practice. All things being equal, the 
more current the illustration, the bet- 
ter the student motivation. 

Suppose we divide into five areas 
the topics that might be included: 


(1) Electric circuits—This would 
include the steady-state and transient 
response of linear circuits to a-c and 
d-c driving functions. 

(2) Electronics—including physical 
electronics and electronic circuits. 

(3) Fields—including static-electric 
and magnetic fields, and electromag- 
netic fields. 

(4) Energy conversion—including 
static and dynamic conversion de- 
vices. 

(5) Control—including instrumen- 
tation, measurement and principles of 
control. 


Our colleagues in all the engi- 
neering departments at Pennsylvania 








would like their students to have some 
knowledge of electric circuits and 
electronics, and they would like some 
work directed toward instrumenta- 
tion and control. Some believe that 
field theory is important, while others 
place rotating machinery high on the 
list. 

We might hope that all engineers 
could be familar with each of these 
areas. It was suggested by several 
staff members that topics which are 
largely descriptive, such as the opera- 
tion of rotating machines, could be 
assigned to the student for outside 
reading. Other topics of importance, 
such as field theory, which cannot be 
treated adequately due to lack of 
time, might also be assigned as out- 
side reading. 

Such a procedure, however, would 
appear to contradict the principles 
stated earlier. In the limited time 
available, it is perhaps a more sound 
procedure to treat just one or two of 
the five areas. To treat all five would 
require superficial coverage, and max- 
imum motivation cannot be achieved 
with such a survey course. In addi- 
tion, the student probably learns and 
retains more when exposed to an in- 
tensive treatment of a few topics rather 
than cursory treatment of many. 

It appears desirable, then, to select 
specific material from the electrical 
engineering curriculum for presenta- 
tion to non-electrical engineering 
students. 

There are a number of reasons why 
circuit theory is a good first course. 
It deals with basic physical principles 
such as conservation of energy, con- 
servation of electric charge, and su- 
perposition in linear systems. It 


makes use of the mathematical back- 
ground the student has obtained in 
calculus and differential equations. 
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The problems treated in a circuit the- 
ory course are analogous to those in 
other areas of considerable interest to 
various student groups. 


First Selection—Circuits 

For example, civil engineers have 
pipe network problems which can be 
solved by using the electrical analogy. 
For the mechanical engineer, lumped- 
constant mechanical systems can be 
considered as mechanical networks, 
and can be represented by an elec- 
trical analogue. Also, the fundamen- 
tal concepts studied in the circuits 
course can be readily illustrated. 

Because a circuits course is also the 
first course for our electrical engineer- 
ing students, it might appear desira- 
ble to have the same course serve 
both groups. All engineering stu- 
dents at the University of Pennsyl- 
vania have the same background in 
mathematics and physics. It there- 
fore appears feasible to present a 
common course to all students with 
this common background. In such 
a basic course there would perhaps be 
a greater compulsion to avoid an ex- 
cess of current illustrations than there 
would be in one designed for a spe- 
cialized group. 

A common course has the disad- 
vantage, however, that the most 
timely topics and illustrations for the 
electrical engineering students in the 
first of five terms of circuits courses 
are not necessarily the best topics for 
the non-electrical students in their 
first and perhaps last circuits course. 

Another consideration is time. It 
is quite likely that the course for non- 
electricals will be one hour shorter 
than the corresponding course for 
electrical engineering students. It 
may be two hours per week instead 
of three, for example. Consequently 
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the two courses could not well be 
identical. Certain topics must be 
dropped, but the level of treatment 
would be the same for all students. 


Electronics Second 


For a second course, electronics 
has many advantages. It is attractive 
to the student and makes motivation 
less of a burden. It draws heavily 
upon the student's earlier work in cir- 
cuits and physics. It deals with such 
fundamental concepts as the motion 
of electrons in an electrostatic field, 
the theory of emission, and the con- 
servation of charge. It provides many 
interesting analogies. For example, 
the laws of motion of an electron in 
a uniform electrostatic field are the 
same as those of a body falling under 
the influence of gravity. Also, the 
student will discover that electrons 
can be reflected, refracted, and fo- 
cused like light rays. 

A good deal of flexibility is possible 
with this second course. Physical 
electronics and vacuum tube circuits 
can both be included, or circuits alone 
‘an be considered. Since the student 
has already had a course in the fun- 
damentals of circuit theory, vacuum 
tube circuits are suitable for the sec- 
ond course. The starting point can 
be the equivalent circuits desired 
from the tube characteristics given, 
which are taken as experimental facts. 
The remainder of the course will then 
involve, essentially, an application of 
circuit theory concepts. 

Whether physical electronics and 
vacuum tube circuits are both con- 
sidered, or vacuum tube circuits only, 
the electronics course can still be on 
the same level as similar courses given 
to electrical engineering students. 
The only sacrifice would be in the 
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breadth of topics covered, rather than 
in the treatment of these topics. 

A bare minimum for both the cir- 
cuits course and the electronics course 
is two hours per week. In addition 
it is almost essential to have a labora- 
tory with the electronics course. The 
laboratory would require an addi- 
tional three hours. Thus the min- 
imum time spent by non-electrical 
students in electrical engineering 
courses would be seven semester 
hours total. 

These figures correspond to the 
hours now taken by the chemical and 
metallurgical engineering students at 
the University of Pennsylvania. The 
mechanical and civil engineers take 
some additional hours. Any further 
time available can well be spent in 
a laboratory course added to the cir- 
cuits course, or in dealing with con- 
cepts of energy conversion. 

Like the other two, a course in en- 
ergy conversion should stress funda- 
mental concepts and draw on mate- 
rial from physics and circuits. It may 
be that no detailed machine analysis 
at all would be included. However, 
if the student has a basic knowledge 
of how and why electrical machines 
work, he may be better off in the long 
run than one who has been exposed 
to many sets of operating curves 
which have little meaning to him. 


Conclusions 
To summarize, then: 


(1) What electrical engineering 
topics should be included in the cur- 
riculum for non-electricals? 

Circuit theory and electronics ap- 
pear to be good choices, the first 
course to be in circuit theory and 
the second in electronics. Both 
courses would be at the same level, 








though probably not in as great de- 
tail as the corresponding courses 
given to electrical engineering stu- 
dents. 

(2) Should all non-electrical engi- 
neering students take the same elec- 
trical engineering courses? 

Circuit theory and electronics are 
the preferred areas for all the non- 
electricals, so that it is reasonable to 
have common courses for all these 
students. The time that is available 
for the several groups may not be the 
same, however, and this makes sep- 
arate courses necessary. Also, with 
separate courses, the instructor can 
emphasize those items of greatest in- 
terest to a particular group. 

(3) How much time is required to 
present electrical engineering topics 
to non-electrical students? 
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A minimum of seven semester 
hours is required. More is desirable, 
but if the student’s work week is to 
be approximately 50 hours, it is not 
likely that the number of available 
semester-hours for these courses will 
greatly exceed seven. 

Thus, all non-electrical engineering 
students would take basically the 
same electrical engineering courses, 
although they might not take them at 
the same time, and they might not 
all take the same number of courses, 
or be exposed to the same number of 
topics. The material they receive in 
class would not differ fundamentally, 
however, from the material presented 
to electrical engineering students. 
Such a unified approach seems at 
least to promise a favorable result in 
the long debated and difficult area of 
service courses. 





INVENTORY OF INSTRUCTIONAL 


TELEVISION RESEARCH 


The Educational Television and Radio Center recently published 
a comprehensive report containing findings of 71 research projects 
dealing with instructional television. Compiled by Hideya Kumata, 
“An Inventory of Instructional Television Research” contains ab- 
stracts of research projects, providing a resource document for 


educators and others interested in educational television. 


The 155- 


page book also contains a selected bibliography of 173 annotated 


items on TV as a teaching tool. 


Copies can be obtained from the 


Center, 1610 Washtenaw, Ann Arbor, Michigan, at a cost of 
$1.00 each. 
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This paper describes tests employed 
at The Pennsylvania State University 
during the past ten years in the ad- 
ministration of a special graduation 
requirement in English for students 
enrolled in the College of Engineer- 
ing and Architecture. These students 
are required to take an English Pro- 
ficiency Test at the end of their junior 
year and those who fail this examina- 
tion must schedule and pass an ap- 
priate non-credit remedial course in 
order to complete the requirements 
for their graduation. 

The examination is intended to test 
the student’s ability to organize 
thoughts logically and present them 
clearly and convincingly in accord- 
ance with current standards of formal 
English usage. In this test, the stu- 
dent must demonstrate this ability by 
writing a paper in response to an as- 
signed problem which requires 1) the 
analysis and interpretation of certain 
information, and, 2) the presentation 
of this interpretation in a paper in- 
tended for a specified purpose. 


Comprehensive Problems Used 


The test is administered as a serv- 
ice to the College of Engineering and 
Architecture by the Department of 
English Composition in the College 
of Liberal Arts on the basis of policies 





formulated by Professor T. J. Gates, 
Head of that Department. Problems 
for these tests are developed by a 
joint committee of the two Colleges. 

Many of these problems have re- 
quired the interpretation of graphs or 
tabulations of data relating to the in- 
dustrial development of the United 
States. A problem of this type is 
quite suitable for the purpose, re- 
gardless of differences in technical 
content of the various curricula, be- 
cause all students concerned take a 
course in American Economic History 
during the junior year. 

As a typical example, a recent test 
presented a problem relating to the 
increase in mechanical power in the 
United States and shifts in the iabor 
force. One tabulation gave data show- 
ing the changes during the years 1870 
to 1950 in the Population, Horse- 
power-Hours per Year from Mechan- 
ical Sources, and Annual Horsepower- 
Hours per Person. A second tabula- 
tion gave data for the same period 
showing changes in Population, Labor 
Force, and Distribution of Labor 
Force among Agriculture, Manufac- 
turing, and Trade and Service. In a 
paper of approximately 500 words, 
the student was asked to explain these 
changes and discuss significant social 
and economic developments resulting 
from them. 
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A period of three hours is sched- 
uled for the examination, and the pa- 
per is written without previous knowl- 
edge of the problem. Students are 
advised to devote about one hour to 
analysis of the data and development 
of inferences for discussion in the pa- 
per, and another hour to preparation 
and revision of a rough draft, before 
writing the finished paper submitted 
for scoring. 


Scoring Carefully Planned 


The papers are scored by a team of 
five men having the rank of Professor 
or Associate Professor in the Depart- 
ment of English Composition. Be- 
fore beginning their work on the pa- 
pers submitted in an examination, 
this group meets with the professor 
in charge of the project for review of 
the problem and discussion of details 
of interpretation which should be 
found in acceptable papers. This 
conference is considered to be one of 
the most important details in the ad- 
ministration of the test. 

The scoring scale is also reviewed 
at this time, so that all papers can be 
scored on a common basis. This scale 
was developed by Professor J. S. Bow- 
man of the Department of English 
Composition, who has been responsi- 
ble for the administration of this test 
since it was established. Under this 
scale, the highest attainable score is 
200 points, with Interpretation and 
Organization each carrying a max- 
imum of 50 points, with a total of 100, 
while Style and Mechanics of Writing 
together carry a total of 100 points. 
The passing score is 115 points. 


Detailed Treatment 


The score on Interpretation is in- 
tended to evaluate the student's abil- 
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ity to analyze and interpret the data 
thoroughly and accurately. The scor- 
ing scale for this item includes a series 
of brief descriptive terms with an ap- 
propriate numerical range assigned 
to each. 

The score on Organization is in- 
tended to evaluate the student's abil- 
ity to organize his discussion clearly 
and logically for easy and meaningful 
reading. The scoring scale includes 
descriptive terms, with a numerical 
range for each, which apply to gen- 
eral organization and over-all group- 
ing, paragraphing, and the use of 
clarifying devices such as introduc- 
tion, transition, and summary. 

The score on Style and Mechanics 
of Writing is intended to evaluate the 
student’s ability in accordance with 
current standards of formal English 
usage. Separate scores are recorded 
for spelling, punctuation, vocabulary, 
and sentences. For each of these ele- 
ments, there is a scoring scale which 
is applied by counting the number of 
errors found in the paper. 

Initial scoring of the papers reveals 
a group with scores well above pass- 
ing and another group with scores far 
below passing. These scores are con- 
sidered final unless the scorer requests 
a check. All other papers are given a 
second reading, and no paper in this 
group is given a final score until at 
least two members of the scoring team 
have read the paper and agreement 
has been reached on the score to be 
reported. In many cases, there have 
been three readings before final deci- 
sions were made. 

Members of the scoring team re- 
ceive special compensation on an 
hourly basis for the time spent in con- 
ferences and in scoring papers. In 
view of the details of procedure just 
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described, it will be evident at once 
that the administration of this special 
graduation requirement is an expen- 
sive item. The cost is especially high 
owing to the assignment of high-rank- 
ing and thoroughly-qualified — staff 
members to the scoring teams. The 
provision of appropriate remedial in- 
struction for students who fail also 
adds to the cost. 


Remedial Work Worth While 


The non-credit remedial course for 
students who fail in this test demands 
work equivalent to that of a course 
carrying three semester credit-hours. 
The teachers in the remedial classes 
are chosen from members of the scor- 
ing team and the work is developed 
to meet individual needs in so far as 
is possible. The final examination is 
another English Proficiency Test sim- 
ilar in its general features to that 
which the student failed originally. 

During the ten years that the test 
has been administered, the percent- 
age of failures has varied from 17 to 
36, with recent classes averaging 28 
per cent. Each year, a few students 
fail in the remedial course and are re- 
quired to repeat that work. 

There appears to be no clearly de- 
fined relation between scores in this 
English test and other items in the 
academic records of the students. In 
general, as would be expected, stu- 
dents ranking high in their class have 
good scores in the test, while those 
ranking low in the class have poor 
scores. There are, however, many ex- 
ceptions to this rule which appear to 
defy explanation. 

It is evident that many failures re- 
sult from basic deficiences in English 
which are not fully remedied by fresh- 
man work. All entering freshmen 
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take an English Placement Test and 
those who fail are required to pass a 
non-credit remedial course before be- 
ing permitted to enroll in the regular 
freshman courses in English. Of the 
students who failed in this Freshman 
Placement Test and later reached 
junior status in engineering, about 70 
per cent failed in the Proficiency Test. 
Of those who passed the placement 
test, on the other hand, only about 
25 per cent failed in the junior test. 

In the freshman year, all students 
take a course in English Composition 
and Rhetoric and another in Exposi- 
tion. About 45 per cent of those who 
failed the junior proficiency test had 
averages under C in these freshman 
courses, while 15 per cent of those 
who failed the junior test had aver- 
ages in the freshman courses of high 
C and above. 


Interpretation Difficult 


Comparison on another basis shows 
that about 55 per cent of the students 
with averages below C in the fresh- 
man English courses later failed in 
the junior test. Only 16 per cent of 
those having an average of C failed 
in the junior test, only 8 per cent of 
those averaging B failed, and very 
few averaging A failed later tests. 

Studies involving an analysis of 
scores in Interpretation, Organization, 
and Style and Mechanics of Writing, 
as separate parts of the total score, 
have revealed little real significance. 
In most cases of failure, there were 
low scores in all three parts. There 
have been, however, many failures 
which resulted chiefly from serious 
weakness in Interpretation or in Or- 
ganization. Fewer failures have re- 
sulted from weakness only in Style 
and Mechanics of Writing. 








The distribution of failures among 
curricula has not varied greatly from 
year to year. For example, the stu- 
dents in Architecture, who have rela- 
tively few courses requiring written 
reports, usually show a high percent- 
age of failures. By comparison, the 
Civil Engineers, who consistently 
show the lowest percentage of fail- 
ures, take a required course in Tech- 
nical Report Writing in the junior 
year. It has been quite evident that, 
as would be expected, the percentage 
of failures among a group of students 
is closely related to the amount of for- 
mal written work required of them 
in the courses taken after the comple- 
tion of the required freshman work 


in English. 
To Summarize 


The most important features of this 
English Proficiency Test are briefly 
described as follows: 
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The test is employed for the pur- 
pose of administering a special grad- 
uation requirement under which stu- 
dents must demonstrate ability to or- 
ganize thoughts logically and present 
them clearly and convincingly in ac- 
cordance with current standards of 
formal English usage. The test is so 
designed and administered that the 
student must actually demonstrate 
this ability by writing a paper, with- 
out previous preparation, in terms 
of an assigned problem. The papers 
are scored and the student's ability is 
evaluated by high-ranking members 
of the faculty in the English Depart- 
ment, using painstaking methods of 
scoring. The percentage of failures, 
which appears to follow a consistent 
pattern from year to year, has been 
quite high, and clearly indicates the 
value both of this test and of the 
remedial work provided for those 
who fail. 





MORGAN JOINS DOW 


Dr. David H. Morgan, since 1953 President of Texas A. & M. 
College, College Station, has been appointed Director of College 
Relations for the Dow Chemical Company at Midland, Michigan. 
An expert in educational psychology and administration and a 
member of ASEE since 1952, Dr. Morgan will be responsible 
for coordinating the whole range of Dow’s industry-cooperative 
activities in the educational field. 

















GRADUATE PROGRAMS AS PREPARATION 
FOR ENGINEERING TEACHING 


CHARLES R. VAIL 


Chairman, Department of Electrical Engineering, 


Duke University, Durham, North Carolina 


A paper presented at a joint meeting of the Educational Methods and 


Graduate Studies Divisions at Ames, Iowa, June 27, 1956. 


Recom- 


mended for publication by the Educational Methods Division. 


A two-fold crisis is rapidly ap- 
proaching in engineering education. 
On the one hand, even as the need 
matures for many more engineering 
teachers to handle the wave of stu- 
dents that is about to engulf us, we 
find ourselves in a grim but losing 
competition with industry for the 
services of our own graduates—and 
even of our present staff members. 

On the other hand, the need is 
growing for a new type of engineer 
of sufficient breadth, depth, and ver- 
satility to develop the technologies 
necessary to utilize the new discov- 
eries that modern science is shower- 
ing upon us. This calls for a uniquely 
qualified type of engineering teacher. 
How to meet both of these needs 
simultaneously is a problem that de- 
fies easy solution. The present paper 
is concerned primarily with but one 
aspect of this problem: the adequacy 
of the training of teachers for this 
dawning new era in engineering edu- 
cation. However, an adequate solu- 
tion to this problem almost certainly 
will go a long way toward solving the 
recruitment problem too. 

The necessary characteristics of this 
new type of engineering teacher are 
sasy to enumerate. They include a 
solid grounding in the fundamental 
concepts and practices which consti- 
tute traditional engineering. In addi- 
tion, they include an alertness to new 
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ideas and techniques and a propen- 
sity for stimulating their students to 
apply them imaginatively. In short, 
if we are to graduate engineers who 
are creative in the practice of their 
profession, we must have on our fac- 
ulties teachers who are creative in 
their approach to teaching and who 
can stimulate creativity in their stu- 
dents. In teaching, as in engineering 
practice, conventionality must begin 
to yield ground to creativity. 

The distinction between conven- 
tionality and creativity in engineering 
practice has been eloquently discussed 
by C. D. Fulton, who writes: 


Conventional engineering is a network 
of formulas, data, rules, and static sci- 
ence bound into a firm discipline. It de- 
mands rationality, order, repetition, pa- 
tience, caution, thoroughness, and schol- 
arship. . . . This kind of engineering is 
a machine-like process and machines are 
beginning to be employed to do some 
of it. It is indeed a considerable part of 
engineering and we have done a good 
job of teaching it. Creative engi- 
neering, on the other hand, operates on 
emotion, imagination, chance, boldness, 
rebellion, abandon, flight of fancy, and 
every other quality which distinguishes 
the live human being from the inani- 
mate machine.! 

1 Fulton, C. D., “On Teaching Creative 
Engineering,’ JOURNAL, 45: 794-801, June, 
1955. 
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The time is at hand when we must 
exploit those qualities of our students 
that distinguish them from machines. 
This calls for a fresh approach to the 
teaching of engineering. 

Against this background we can 
now examine the question as_ to 
whether present-day graduate study 
programs and_ graduate teaching 
methods are effective in training 
teachers qualified for the demands 
of engineering education today. In 
approaching this question, it must 
first be observed that teaching the 
graduate student and teaching the 
undergraduate student may involve 
two quite different approaches. 

The undergraduate student has but 
recently come from an experience of 
spoon-fed high school education. A 
period of tapered-off spoon-feeding 
may be necessary before the average 
undergraduate is fully capable of as- 
suming the type of responsibility for 
his own educational destiny that is 
expected of graduate students. 

To bring a student through such 
a period skillfully and quickly may 
require special insights into educa- 
tional psychology. Such insights are 
unlikely to be attained by an embryo 
teacher either through the precept or 
the example of his engineering grad- 
uate school teachers. 

A similar comment can be made 
concerning his chances of achieving 
an understanding of techniques in 
such important areas of college teach- 
ing as evaluation of achievement, per- 
sonal counseling, and classroom tech- 
nique. It appears that graduate-level 
engineering training is notably defi- 
cient in providing a perspective of the 
whole educative process as well as a 
knowledge of even the most basic 
techniques needed by a teacher. This 


586 JOURNAL OF ENGINEERING EDUCATION 





Vol. 47—No. 7 


is not surprising in a program whose 
entire focus is the research-based the- 
sis, and which includes no element of 
training in pedagogy. 

When one considers the importance 
of the teacher in the total educative 
process, even in college, it is surpris- 
ing to realize that, of all the major 
professions, college teaching is the 
only one for which there is no specific 
professional preparation. Even the 
“internship” period of the first several 
years of teaching usually operates 
only haphazardly to correct this sit- 
uation. Paul Klapper has made this 
point well: 


The novice in every profession is as- 
sured of well-intentioned if not helpful 
supervision and guidance by experienced 
colleagues of proved competence. This 
responsibility toward the beginner is 
generally recognized as a_ professional 
obligation, and provision is made for it. 
But . . . in college teaching we usually 
find an impressive exception. The young 
university graduate is entrusted with the 
teaching of college classes often with no 
more assistance than is afforded by a 
catalogue description or a syllabus of the 
courses he is expected to teach. In a 
way not yet defined he is expected to 
become familiar with [the following] 
essential background information: the 
preparation of his students, the place of 
his course in the design of general or 
special education of the college, pre- 
scribed minimum standards of student 
achievement, and the common or pre- 
ferred teaching procedures cf his col- 
leagues. He is rarely introduced to the 
students, and, as a rule, no one in author- 
ity is overtly curious about what happens 
in his classroom. . . . We college teach- 
ers are a law unto ourselves as far as 
teaching procedures are concerned, but 
not all of us have that insight into the 
total educative process which equips us 
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to be the sole judges of our teaching 
effectiveness.” 


Fortunately, a few institutions are 
experimenting with a “teaching in- 
ternship” program to help correct this 
situation. So far as the influence of 
the average graduate study program 
is concerned, however, qualified en- 
gineering teachers are not trained, we 
must conclude, but merely happen. 

Our discussion thus far has dealt 
with the philosophies and techniques 
that are specific to teaching—with the 
“how of engineering teaching. On 
the “what” side of the ledger there is, 
fortunately, a more favorable entry. 
The present-day graduate student re- 
ceives, for the most part, an excellent 
training in conventional engineering, 
as previously defined. New technol- 
ogies that are growing out of the fer- 
tile soil of modern scientific discovery 
are being incorporated into our course 
offerings and research programs with 
commendably short time delay. 

Our pride in this fact must be some- 
what tempered by the knowledge that 
real creativity is a commodity that we 
are still failing to cultivate as fully as 
we might. Our undergraduates and 
our graduate students alike are still 
being cast unimaginatively into a 
mold of conventionality because we, 
ourselves, do not know any other 
method of production! 

Those of our graduate students 
who enter teaching are likely to do 
little better in their careers, for the 
mold that we are using to shape them 
bears the image of ourselves. Per- 
haps it is time for us to throw away 
the mold and to design a new one. We 


2“Problems of College Teaching,” The 
Preparation of College Teachers, ed. by T. 
C. Blegen and R. M. Cooper (Washington: 
American Council on Education, 1950), pp. 
45-46. 
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might even give thought to a pro- 
gram of individualized training for 
selected students as a means of ex- 
ploiting to the full all the abilities of 
our potential teachers. Such bold 
and costly measures are called for if 
the pressing needs are to be met. 

A part of our difficulty in develop- 
ing good engineering teachers may 
arise from the fact that we aspire to 
require the Ph.D. degree of all engi- 
neering teachers and that at the same 
time we place the focus of a Ph.D. 
program on laboratory research. This 
emphasis may be appropriate for a 
future graduate school teacher. On 
the other hand, the man who is not 
primarily research-minded but who 
does wish to advance in the profes- 
sion of undergraduate engineering 
teaching is confronted with a frustrat- 
ing situation. Such a man, who is to 
carry the “base load” in an under- 
graduate program, may find some 
background in the history of engi- 
neering * even more valuable than 
experience in research. Equally use- 
ful might be the philosophy and 
psychology of education, the art of 
counseling, techniques of communi- 
cating ideas, and the science of evalu- 
ating student achievement. Mani- 
festly we would not wish to establish 
“normal schools” for training men in 
teaching at the expense of a good 
grounding in the engineering they are 
to teach. 

It might not be amiss, however, to 
consider the possibility of establish- 
ing a new route through existing en- 


3 See, for example, references listed in: 
Higgins, T. J., “A Classified Bibliography 
of Publications on the History and Develop- 
ment of Electrical Engineering and Electro- 
physics,” The Bulletin of Bibliography 20: 
No. 3 to No. 7, Sept.—Dec. 1950 to Jan— 
Apr. 1952. 








gineering graduate schools to the 
doctorate for men whose burning 
ambition is to teach engineering, and 
to teach it well. Such a route could 
continue the requirement of the re- 
search-based thesis, but would permit 
in addition a liberal training in the 
areas basic to teaching. 

The specific goals of such a pro- 
gram would be “to develop further 
the love of learning in its students, 
to give them some mastery of the 
techniques by which they may pur- 
sue knowledge in their special stb- 
jects, and to provide them with some 
expert knowledge upon which they 
may build and which they may com- 
municate to their future students as 
they communicate their enthusiasm 
for learning.”* Furthermore, it is 
highly appropriate that this program 
be capped, not with some degree which 

4 Diekhoff, J. S., The Domain of the Fac- 


ulty in our Expanding Colleges (New York: 
Harper and Brothers, 1956), p. 52. 
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has doubtful prestige, but rather with 
the degree of Doctor of Philosophy, 
which means, literally, “teacher of the 
love of learning.” 

We are thus brought back to the 
most important point of all: our urg- 
ent need for creative teachers of engi- 
neering. Such teachers, we now see, 
would use the best resources of knowl- 
edge and technique that modern psy- 
chology can provide to communicate 
to their students their own flaming 
enthusiasm for the subject that they 
teach: creative engineering. Our 
graduate schools of engineering are 
not at present training such teachers. 
If we are to meet the challenge of the 
future, we engineering educators must 
begin a deliberate “propagation of 
the species,” taking into account the 
necessity for evolutionary advance. 
We must train men who are creative 
teachers of creative engineering; we 
must so inspire and “fire” them that 
they are “unable” to do anything but 
follow a teaching career. 





SPILHAUS RE-ELECTED TO UNESCO 


EXECUTIVE BOARD 


At the UNESCO Ninth General Conference on December 5, 
1956, in New Delhi, India, Dr. Athelstan Spilhaus, Dean of the 
Institute of Technology, University of Minnesota, was re-elected 


to the UNESCO Executive Board. 


A member of ASEE since 1947, 


Dr. Spilhaus, Vice Chairman of the U. S. National Commission for 
UNESCO, was returned to the Board on the first ballot as the 
American representative, with the highest number of votes re- 
ceived by any candidate. The Executive Board is responsible for 
UNESCO’s policy and program in the two-year interval between 


the General Conferences. 


Members are elected for four-year terms 


and are responsible to their governments. 
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DAES P aA AN NT a RIN 


EVALUATION OF THE 


PART-TIME GRADUATE STUDENT TEACHER 


A. H. WAYNICK 


Electrical Engineering Department, 
The Pennsylvania State University, 
University Park 


Presented at the Educational Methods Conference, 


June 27, 1956, Ames, Iowa. 


A program for the development and 
evaluation of part-time graduate students as 
engineering teachers is described. The pro- 
gram has been under way for a period of 
three years and has, it is believed, met with 
some success, 


Selection Process 


The first step in finding suitable in- 
dividuals for participation in an engi- 
neering teacher training’ program is, 
of course, the selection of the men 
concerned. 

Our own department, involving a 
large number of undergraduate stu- 
dents, utilizes a scheme which we 
call our “bright boy” list. In the fall 
semester, a committee comprised of 
senior staff and our Department grad- 
uate study committee combs the sen- 
ior class. A group of better students, 
approximately 15 per cent of the 
graduating class, is then arrived at 
on the basis of scholastic record, per- 
sonal and other qualifications which 
have resulted in the individual's com- 
ing to the favorable attention of sev- 
eral staff members. 

Each student on this list is assigned 
to one or more members of the selec- 
tion committee, who then interview 
each student personally. The discus- 
sion is directed towards instruction; 
i.e., the student is informed that, in 
the opinion of the senior Department 
staff, he should consider going on into 


graduate work. Current activities in 
graduate work within the Department 
are brought to his attention, and the 
types of aid available, such as grad- 
uate assistantships and fellowships, 
and how they can be procured, are 
outlined for his benefit. The inter- 
ests of the student, such as research, 
industrial employement, or teaching., 
are likewise determined during these 
interviews. 

The results of the interviews are 
assayed by the committee and suit- 
able individuals indicating an inter- 
est in proceeding to graduate work 
are assisted and encouraged as much 
as possible. Those students interested 
in and apparently qualified to pre- 
pare for engineering teaching are es- 
pecially helped and guided as out- 
lined in the following. 


Advisory Procedure 


Most individuals entering into this 
program as possible future teachers 
are encouraged to begin as half-time 
assistants serving as instructors in 
laboratories for non-electrical engi- 
neers—in which the graduates have 
been found to do an excellent job. 

After several semesters of such work 
the graduate student has reached the 
stage where his capabilities in gradu- 
ate work can be assessed, as well as 
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his capabilities as a beginning in- 
structor. Upon satisfactory comple- 
tion of the M.S., his work is again 
reviewed by senior department staff 
and, if qualified, he is encouraged to 
proceed towards the doctorate. 

Suitable students interested in 
teaching as a profession are appointed 
one-half-time instructors in the De- 
partment during the time they are 
engaged on the course work portion 
of their doctoral studies. During this 
time they are again expected to de- 
vote one-half time to their graduate 
work and one-half time to Depart- 
ment instructional activities. In this 
case the individuals concerned are 
asked to teach both undergraduate 
electrical engineering courses and 
laboratories. 

Careful selection of courses is made 
to provide motivation for the student 
instructors. During the first semester 
of this “apprenticeship,” the student 
is asked to teach one lecture section 
and several laboratory sections of the 
regular E.E. curriculum. In succeed- 
ing semesters larger fractions of his 
time are devoted to lecture sections 
with less time in laboratories. 

Upon completion of the student's 
own doctoral course work, his quali- 
fications are again re-assessed and, if 
qualified, he is encouraged to enter 
into full-time research concerned with 
his dissertation. This involves no 
teaching, and he is usually aided by 
sponsored research in the Depart- 
ment in his field of interest. Upon 
completion of this work, the student 
is then encouraged to enter the teach- 
ing profession elsewhere, or to gain 
industrial experience (depending on 
his own interests and the opportuni- 
ties available at the time). 
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Instruction Assistance 


The old adage to the effect that 
“those who can’t—teach” was obvi- 
ously initially suggested by an indi- 
vidual who had never done any 
teaching himself. Those of us who 
are engaged in this activity fully re- 
alize that it is hard, though stimulat- 
ing, work. Further, to keep abreast 
of current advances and to remain at 
the frontiers of knowledge in one 
area of specialization, even a narrow 
one, is an essential requirement in 
present-day engineering education. 
The embryo teacher must be made 
aware of these facts. 


Steps Upward 


The following things are done to 
assist the beginning instructor at our 
institution: 


(1) The complexity of the course 
material which he teaches is increased 
from semester to semester. This pro- 
vides the “building blocks” upon 
which his instructional abilities can 
be based, and assumes the valid 
premise that the very best way to 
learn a subject is to teach it—particu- 
larly for fundamentals. 

(2) Where several sections of a 
course are taught, a course outline is 
provided for the new instructor. This 
insures continuity between sections 
and likewise forms the foundation 
upon which the new teacher can 
build effectively. 

(3) A senior staff member is as- 
signed as course coordinator. This 
individual insures continuity in the 
material and the pace at which it is 
taught. He likewise serves as a pre- 


ceptor for the new teacher. 
(4) One of the major difficulties 
encountered by beginning teachers is 
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the determination of the rules under 
which his department, college, and 
university operate. These involve not 
only his teaching duties but also the 
counseling activities he is expected to 
provide to his students. This is sim- 
plified by a printed “Manual of Pro- 
cedures for Teachers” which is given 
to each new instructor. This manual 
gives concise information with re- 
gards to courses, class scheduling and 
rolls, as well as instructions as to how 
such procedures are modified and 
which University publications and re- 
ports should be noted to keep abreast 
of changes in procedure as they occur. 


Evaluation Process 


As is well known, the evaluation of 
a beginning university teacher is very 
difficult because of the many intangi- 
bles involved. The bases upon which 
the qualifications of senior staff are 
determined, the caliber and accept- 
ance of the courses for which he is 
responsible, his professional stature 
and numerous other factors, depend 
upon a background of several years 
of successful teaching. These inform- 
ative backgrounds are not, of course, 
available for the younger man. 

For such younger men, however, 
the following criteria have been 
found useful and, in general, valid: 


(1) Student reactions. Fortunately, 
the average engineering student is a 
serious individual with a rather defi- 
nite end result in mind. Conse- 
quently, he tends to be vocal con- 
cerning possible instructional difficul- 
ties that may arise, and this can be 
very helpful for the beginning in- 
structor when suitably channeled. 

On occasion it has also been help- 
ful to utilize the guidance afforded by 
staff-evaluation questionnaires which 
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are proposed and conducted by stu- 
dent organizations. When carried 
out under suitable conditions these 
have been found to be of mutual 
benefit to both students and staff; sen- 
ior as well as junior. 

(2) A second useful scheme is the 
analysis of individual reactions and 
results. In the early stages, the qual- 
ifications of the individual are readily 
determined by the course coordinator 
with whom he works. Since at this 
stage, the student teacher is directly 
dealing with a relatively small por- 
tion of a large group of students en- 
rolled in a given laboratory, his own 
attitudes and the results he obtains 
with his class sections are easily evalu- 
ated. At this stage desirable work 
habits and procedures must be de- 
veloped with the collaboration of the 
coordinator. 


When the student teacher has pro- 
gressed to giving his own lectures, the 
evaluation problem is, of course, more 
difficult. At this stage these individ- 
uals are invited to Department meet- 
ings and their participation in discus- 
sions and contributions to Depart- 
ment planing provide a guide to their 
progress. The customary regular staff 
procedures for evaluation of teaching 
success are also followed. 


Results 


The above described program for 
the encouragement and evaluation of 
graduate student engineering teacher 
trainees has been in operation for the 
last three years. During this time, 
four students have successfully com- 
pleted this process with what are be- 
lieved to be excellent results. Two 
of these former students are now 
teachers at other institutions, one is 








in government service, and the fourth 
is working in industry. 

At the present time there are seven 
graduate students in various phases 
of this program. Six of these are still 
definitely interested in entering the 
teaching profession upon completion 
of their graduate work. It appears 
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to the staff of our department that 
some program of this general nature 
is of great importance to the future 
of engineering education in the face 
of the current shortage of engineering 
manpower, and university engineer- 
ing instructional manpower in par- 
ticular. 





CHEMICAL ENGINEERING 


PROBLEMS AVAILABLE 


The American Institute of Chemical Engineers has recently pub- 
lished nine parts of a series of thirteen booklets, each of which con- 
tains problems, ranging in number from 8 to 78, in a specific field 
of chemical engineering. From three to 15 pages in length, 814” 
by 11” in size, the booklets are punched for notebook use; some in- 


clude lists of recommended readings. 


The problems, compiled by 


the Chemical Engineering Education Projects Committee of AIChE, 
would be of value both to instructors for classroom work and to the 


students for review purposes. 


The topics presently covered are: Humidification, Thermo- 
dynamics, Nuclear Engineering, Crystallization, Reaction Kinetics, 
Absorption-Adsorption-Extraction, Distillation, Heat Transfer, Fluid 
Flow, Evaporation, Filtration, Economics, and Drying. The re- 


maining four booklets will be published in a few months. 


They 


are available at a cost of 25¢ each, or $2.50 for the complete set 
of thirteen, from the Office of the Secretary, AIChE, 25 West 45th 
Street, New York 36, New York. Orders for 100 complete sets or 
100 copies of any individual booklets carry a 10% discount. 
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VIEWS AND NEWS CONTRIBUTED BY 
The Young Engineering Teachers 


T. A. Boye, Chairman 
Whitmore Lake, Michigan 


UNDERSTANDING 
BEGINS WITH YOU 





we eee YET-itupes 


Rosert D. LaRue, Editor 
Colorado A. & M. College 


BRUCE A. HERTIG 


Present address: Graduate School of Public Health, 


University of Pittsburgh 
Former Instructor, 
Sinclair College, Dayton, Ohio 


Fourth Annual Young Engineering Teachers Paper Contest, 1955-56, 
Ohio Section First Place Winner 


Perhaps you entered our dual pro- 
fession as I did, with an adequate en- 
gineering background but no experi- 
ence in education. I was given a 
course outline, a pat on the back, and 
a shove into the classroom. Experi- 
enced faculty members proffered tips 
and suggestions; remembering and 
applying them under fire, I found, 
was quite a different matter. For- 
tunately for the students, however, 
I was assigned to teach laboratory 
courses, which required a minimum 
of lecture time and skills. 

It soon became apparent that my 
job required more than engineering 
competence. Therefore, I evolved a 
system of self-appraisal which I feel 
has increased my teaching compe- 
tence considerably. At the comple- 
tion of each term, questions about the 
semester's work are jotted down on 
paper. These must be answered fully 
and objectively; otherwise the pro- 
cedure becomes invalid. Critical ap- 
praisal of the answers will often in- 
dicate better ways to present the sub- 


ject matter. Though some teaching 
problems remain unsolved, at least 
they are recognized and can be 
brought to the attention of experi- 
enced persons for discussion. 

To give you an idea of the nature 
of the questions I ask myself, a few 
representative ones are listed. You 
will recognize them as being based 
on accepted teaching principles. 


1. Has teaching the course become 
routine? (Lack of teacher interest 
can affect class morale adversely. ) 

2. Were questions and class partic- 
ipation encouraged? (Effective teach- 
ing goes beyond mere lecturing. ) 

3. Was all the material in the 
course outline covered thoroughly?; 
if so, in what manner? (To cram 
half the course into the last week is 
evidence of poor planning. ) 

4. Were the standards of perform- 
ance adjusted to the abilities of the 
class? (It is useless to plunge into 
new material if the students lack the 
background for understanding. ) 
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5. Did the students learn the fun- 
damentals? (Formula-plugging and 
table-thumbing skills are sometimes 
useful, but are not encouraging to 
creative thought. ) 


In some cases, as with questions 3 
and 4, the answers may be in direct 
conflict. In this event, it is up to the 
administration to decide which should 
take precedence. 

To illustrate the way this introspec- 
tion can suggest new approaches, con- 
sider question 5 as applied to a re- 
cent math course. I was not satisfied 
with the results of this class; too 
many of the group made a poor show- 
ing on the final. On reflection, these 
factors stood out: (a) consistent er- 
rors in fundamental operations; (b) 
many questions were asked, but only 
in regard to the solutions of specific 
problems; and (c) lack of interest, as 
typified by the plaintive question, 
“Why do we have to study this?” 

I took such queries to indicate: 
(1) that the answer to a problem 
was considered an end in itself; and 
(2) that the students were emphasiz- 
ing the operational rules without re- 
gard to the principles behind the 
rules. Therefore, they were unable 
to work examination problems which 
did not fit a memorized pattern. 

With the next class, I studiously 
avoided mention or use of rules in 
discussions. Instead, I tried the op- 
posite approach, presenting ideas such 
as: a+b=c becomes b=c—a by 
subtracting a from both sides. No 
mention of sign changing, you'll no- 
tice, and the elementary concept 
of maintaining equality is stressed. 
The rule becomes apparent soon 


enough, but based this time on un- 
derstanding rather than on memory. 
To overcome the “answer-is-every- 
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thing” attitude, a shift of emphasis in 
home work assignments turned the 
trick. The number of problems in 
daily assignment was reduced, but 
the scope of work was broadened. 
With each group, the student was re- 
quired to give one problem the “full 
treatment”; the rest were to be solved 
in the usual way. This “full treat- 
ment,” as I call it, consists of the fol- 
lowing steps: 


1. The problem is translated into 
symbols, and general relationships are 
established among the several vari- 
ables. It is not unusual to find stu- 
dents who do not see the relationship 
between 


2y*? + 3y — 5 = 4y 
and the general quadratic form 
ax? + by+c=0 


2. Formulas, if used, must be de- 
rived. The added practice gained 
here eliminates much of the mystery 
surrounding relationships too glibly 
established in the texts or on the 
blackboard. 

3. The solution is obtained in sym- 
bolic form. No steps are to be taken 
for granted as being obvious. 

4. The specific answer is calculated 
by substitution of numerical values. 


A lot of work, you say? Yes, but 
every step is included. Sometimes 
relationships are so obvious to us as 
instructors that we can’t conceive of 
anyone else missing them. Neverthe- 
less, many students seem to lack un- 
derstanding of basic mathematical 
concepts. Have you ever seen a term 
in a fraction cancelled where it isn’t 
a factor? This wouldn't occur so fre- 
quently if the above outline were fol- 
lowed as normal procedure. 
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Dividends 


I have noticed some unexpected 
side benefits since the adoption of the 
“full treatment” technique: more 
questions arise about the text discus- 


sions; assignments are completed with . 


less nagging; less time is lost in back- 
tracking over the fundamentals. If 
you feel that carrying a solution to 
this extreme would not be applicable 
to your course, at least avoid instill- 
ing too much reliance on rules. 
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Perhaps you can recall a course 
you have taught in which student un- 
derstanding reached an apparent low. 
A little introspection might reveal 
that the trouble was in your approach. 
Before I applied the self-appraisal 
method, I was too ready to condemn 
the high schools, the students, or the 
weather for poor class showings. By 
accepting the challenge that each 
new group presents, I have found an 
added incentive for teaching. 





BARKER PRESIDENT OF EJC 


Joseph W. Barker, Chairman of the Board and President of the 
Research Corporation, New York City, has been elected President 
of the Engineers Joint Council for 1957. As President of EJC, 
he heads a national organization, the membership of which includes 
14 national engineering groups, representing more than 200,000 


engineers. 


A member of ASEE since 1926 and a member of the 


General Council from 1935 to 1938, Dr. Barker replaces Dr. Thomas 
H. Chilton of E. I. du Pont de Nemours, who was President of EJC 


during 1956. 





BINTZER APPOINTED VICE PRESIDENT 


H. Russell Bintzer, previously Director of the Second Century 
Fund at Washington University, St. Louis, Missouri, has been ap- 
pointed Vice President of the Carnegie Institute of Technology, 


Pittsburgh. 


Upon assuming his duties on March 1, 1957, Mr. 


Bintzer will coordinate the institution’s long-range planning and 


development programs. 


A member of ASEE since 1948, he has 


been Secretary, Vice Chairman, and Chairman of the Cooperative 
Education Division, as well as National Chairman of this Division’s 
Committee on Relations with the Federal Government. 








Teaching Tip— 





ON CORIOLIS’ ACCELERATION 


It is becoming increasingly the 
practice to include Coriolis’ Law in 
teaching Dynamics to sophomore stu- 
dents. The text books generally ar- 
rive at Coriolis’ acceleration by suc- 
cessive differentiation of the compo- 
nents of the displacement vector. 
This mathematical derivation is the 
rigorous and therefore proper ap- 
proach in a text. This method, how- 
ever, often fails to create in students 
an appreciation of the physical mean- 
ing of Coriolis’ acceleration. 

More often than not, students ac- 
cept Coriolis’ acceleration on faith, 
remembering that when motion takes 
place with reference to a rotating 
frame, a “supplementary accelera- 
tion,” in a direction given by certain 
specified rules, must be added to the 
other accelerations which are phys- 
ically more obvious. 

At the risk of sounding. trivial, 
therefore, the author proposes to dis- 
cuss a simple example which he has 
found helps to clarify the subject. 

Because velocity is a vector, ac- 
celeration will, in general, involve a 
component giving the change in the 
magnitude of the velocity and a com- 
ponent giving the change in the direc- 
tion of the velocity. Coriolis’ ac- 
celeration happens to include both of 
these components. 

Consider a particle at rest on a 
rotating platform (Fig. 1), at a dis- 
tance r from the axis of rotation. Let 
M be the point on the platform on 


THEIN WAH 


Assistant Professor of Civil Engineering, 
University of Connecticut, Storrs 


which the particle rests. The velocity 
of the particle is evidently 


V= Vu = Or (1) 


where » is the angular velocity of the 
platform (i.e. the rotating frame of 
reference ). 


Ficure | 


The acceleration of the particle (if 
» is constant) is 


a=ay = wr towardsthe center. (2) 


Suppose next that the particle 
moves radially outward at a velocity 
V, with respect to M. This would be 
the absolute velocity of the particle if 
the platform stood still. Since the 
platform is moving, the absolute 
velocity of the particle is the vector 
sum of its velocity with respect to M 
and the velocity of M, 


V = V,+ Va. (3) 


If we now assume that the particle 
moves radially outward with an ac- 
celeration of a, relative to M, then it 
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would seem logical to write 
a=a,bHam. (4) 


Equation (4) however ignores two 
factors which may cause velocity to 
change: (a) it does not take into ac- 
count the change in the direction of 
the velocity vector V, due to the 
rotation », and (b) it neglects the 
change in the magnitude of the tan- 
gential velocity of the particle due to 
the change in its distance from the 
center of rotation. Let us consider 
each of these in turn. 

Because of rotation, the direction in 
which the particle is moving changes 
constantly. In a time dt, this change 
must clearly be V,d6, so that the ac- 
celeration due to the change in direc- 
tion of the velocity vector is 


dé 
rs aes Ee 
Vea, = Vw. 


Its direction (Fig. 2) must then be 
at right angles to that of V,. 

Conside:ing next the change in the 
position of the particle, its tangential 


ON CORIOLIS’ ACCELERATION 597 


velocity changes in magnitude from 
or when it is coincident with M to 
o(r+dr) ina time dt. It follows that 
the acceleration is w(dr/dt) = V,o. 


k 


@o> 
7 
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Its direction is exactly the same as the 
component considered previously. 
Hence a total acceleration of 2V, 
must be added to the right hand side 
of equation (4). The direction of 
Coriolis’ acceleration is obvious from 
the above reasoning. 

Of course, since the relative veloc- 
ity V, is here assumed to be purely 
radial, the explanation lacks general- 
ity. But in teaching, particular cases 
often illuminate a general proposition. 
In that spirit, this note is offered as 
a “teaching aid,” if nothing more. 
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NEW MEMBERS OF ASEE 


ARNBERG, BENJAMIN T., Associate Profes- 
sor of Mechanical Engineering, Uni- 
versity of Colorado, Boulder. F. O. 
Woodsome, B. H. Spurlock. 


BARTLETT, FRANCIS GRINDALL, Associate 
Professor of General Engineering, Uni- 
versity of Washington, Seattle, Wash- 
ington. T. W. Macartney, B. Bonow. 

BARTON, CiiFF SmiTH, Assistant Profes- 
sor of Mechanics, Rensselaer Poly- 
technic Institute, Troy, New York. C. 
E. Work, W. R. Osgood. 

BERNADO, Rospertr Francis, Graduate 
Assistant in Mechanical Engineering, 
Worcester Polytechnic Institute, Wor- 
cester, Massachusetts. W. P. I. Well- 
man, F. N. Webster. 

BuaAkE, JoHN H., Assistant Professor of 
Chemical Engineering, University of 
Colorado, Boulder, Colorado. B. E. 
Lauer, C. L. Eckel. 


BouLToNn, BeRTHOUD C., Executive As- 
sistant to Vice President in Engineer- 
ing, McDonnell Aircraft Corporation, 
St. Louis, Missouri. F. Roever, H. 
Hertenstein. 

Brown, Ernest Leroy, Acting Assistant 
Professor of Electrical Engineering, 
University of Colorado, Boulder, Colo- 
rado. W. J. Hanna, S. I. Pearson. 


CatHoun, Joun D., Associate Professor 
of Mechanical Engineering, Louisiana 
Polytechnic Institute, Ruston, Louisi- 
ana. S. Baggarly, W. L. Everitt. 

Cuapin, RicHarp Earw, Associate Li- 
brarian, Michigan State Library, East 
Lansing, Michigan. J. D. Ryder, J. 
W. Hoffman. 

CrawForD, RicHARD HAZEN, Assistant 
Professor of Engineering Drawing and 
Machine Design, University of Colo- 
rado, Boulder, Colorado. G. Dobbins, 
J. M. Allen. 

Datty, Henry Jackson, Instructor in 
Electrical Engineering, University of 
Kentucky, Lexington, Kentucky. H. 
A. Romanowitz, N. B. Allison. 





DePrEE, JoHn Deryck, Instructor in 
Applied Mathematics, University of 
Colorado, Boulder, Colorado. L. W. 
Rutland, C. A. Hutchinson. 

Ditit, Etutis Haro.p, Assistant Professor 
of Aeronautical Engineering, Univer- 
sity of Washington, Seattle, Washing- 
ton. J. A. Higbee, V. M. Ganzer. 

Dorra, OsvALpo Porrata, Professor of 
Electrical Engineering and Head of 
Department, University of Puerto 
Rico, Mayaguez, Puerto Rico. T. J. 
Rung, F. B. Fischer. 

Drinka, Martin Georce, Instructor in 
Mechanical Engineering, Marquette 
University, Milwaukee, Wisconsin. D. 
E. Schiller, J. P. Bradish. 

Emery, CuHarves LEesuiz, Principal in 
Division of Applied Science, Waterloo 
College, Waterloo, Ontario, Canada. 
W. L. Collins, W. L. Everitt. 

Fox, Rosert WILLIAM, Instructor in 
Mechanical Engineering, University of 
Colorado, Boulder, Colorado. F. O. 
Woodsome, B. H. Spurlock, Jr. 

GitMorE, ARTHUR WARHAM, Assistant 
Professor of Aeronautical Engineering, 
University of Colorado, Boulder, Colo- 
rado. F. P. Durham, K. D. Wood. 

GRANT, DONALD ANDREW, Instructor in 
Mechanical Engineering, University of 
Maine, Orono, Maine. J. R. Lyman, 
F. J. Sullivan. 

GUNKEL, WESLEY WINNFRED, Associate 
Professor of Agricultural Engineering, 
Cornell University, Ithaca, New York. 
L. L. Boyd, G. Levine. 

HALLEEN, Rospert Marvin, Instructor in 
Mechanical Engineering, State Col- 
lege of Washington, Pullman, Wash- 
ington. J. V. Lunsford, H. A. Soren- 
sen. 

Howe, WILLIAM WALTER, Instructor in 
Engineering, College of Marin, Kent- 
field, Cal. B. M. Green, C. E. Cherry. 
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Hower, Wrt~1am Warren, Head of 
Chemistry Department, Colorado 
School of Mines, Golden, Colorado. 
R. A. Baxter, F. R. Campbell. 


Humpurey, ArTHUR Eart, Assistant 
Professor of Chemical Engineering, 
University of Pennsylvania, Philadel- 
phia, Pennsylvania. M. C. Molstad, 
G. N. Hixson. 

JarpeTzky, Wencesias S., Associate 
Professor of Civil Engineering, Man- 
hattan College, New York, New York. 
Brother A. Leo, N. V. Feodoroff. 


Jounson, JAMeEs Kart, Instructor in 
Mechanical Engineering, Clemson Ag- 
ricultural College, Clemson, S. C. J. 
C. Cook, Jr., J. L. Edwards. 

LeppeRT, Georce, Associate Professor 
of Mechanical Engineering, Stanford 
University, Stanford, California. B. 
M. Green, A. L. London. 

Micxus, Fevix, Mechanical Engineering 
Department, General Motors Institute, 
Flint, Michigan. C. A. Brown, D. G. 
Roberts. 

Monson, DarreL JAMEs, Assistant Pro- 
fessor of Electrical Engineering Sci- 
ence, Brigham Young University, 
Provo, Utah. B. Brown, L. K. Baxter. 

MosHeR, Don R., Assistant Professor of 
Mechanical Engineering, University of 
Colorado, Boulder, Colorado. F. O. 
Woodsome, B. H. Spurlock, Jr. 

McE.Haney, JAMEs Harry, Instructor 
in Mechanical Engineering, Villanova 
University, Villanova, Pennsylvania. 
J. S. Morehouse, G. H. Auth. 

Nocc.e, Luke Haynir, Jr., Professional 
Employment in Education, Westing- 
house Electric Corporation, Pittsburgh, 
Pennsylvania. C. H. Ebert, G. E. 
Moore. 

Nystrom, J. W., Staff Assistant in Re- 
search Communication, IBM Research 
Center, Poughkeepsie, New York. W. 
Hoyt, E. M. Strong. 

O’BANNON, LESTER SEVERANCE, Profes- 
sor of Mechanical Engineering, A & M 
College of Texas, College Station, 
Texas. KR. M. Wingren, R. H. Fletcher. 


NEW MEMBERS OF THE ASEE 599 


O.pknow, J. T., Instructor in Engineer- 
ing Drawing, University of Colorado, 
Boulder. G. Dobbins, J. M. Allen. 

Pattison, Ropert Epwarp, Director of 
Engineering Training, International 
Business Machines Corporation, New 
York, N. Y. W. Hoyt, E. M. Strong. 

Piatt, Epwarp K., Assistant Professor 
of Engineering Drawing, Michigan 
State University, East Lansing, Mich. 
E. W. Miller, J. M. Apple. 

Roserts, JosEpH Louis, Instructor in 
Mechanical Engineering, New Bedford 
Institute of Textiles and Technology, 
New Bedford, Massachusetts. H. C. 
Tinkham, L. Gonsalves. 

Rupoy, Wri.iaM, Associate Professor of 
Mechanical Engineering, University of 
Pittsburgh, Pittsburgh, Pennsylvania. 
T. G. Beckwith, N. L. Buck. 


SHERIDAN, MARLIN LEE, Associate Pro- 
fessor of Civil Engineering, Bucknell 
University, Lewisburg, Pennsylvania. 
D. M. Griffith, R. A. Gardner. 

Stmons, Henry C., Program Coordinator, 
Central Training Department, Ford 
Motor Company, Dearborn, Michigan. 
A. W. Angrist, D. C. Hunt. 

SMETANA, JOHN ALBERT, Assistant Pro- 
fessor of Mechanical Engineering, 
State College of Washington, Pullman. 
J. V. Lunsford, H. A. Sorensen. 


SmitH, Pau. D., Assistant Professor of 
Electrical Engineering, Rose Polytech- 
nie Institute, Terre Haute, Indiana. 


R. D. Strum, H. A. Moench. 

STERN, Pau H., Instructor in General 
Engineering, University of Washing- 
ton, Seattle. E. R. Wilcox, B. Bonow. 

Szaso, A. J., Associate Professor of Civil 
Engineering, Southwestern Louisiana 
Institute, Lafayette, Louisiana. H. M. 
Morris, E. Dominque. 

Tate, Boyce D., Instructor in Mechan- 
ical Engineering, Virginia Military In- 
stitute Lexington, Virginia. S. W. 
Dobyns, J. H. C. Mann. 
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WHITEHORNE, Rosert A., Manager, En- Mines, Golden, Colorado. 
gineering Recruitment, International Baxter, F. R. Campbell. 
Business Machines Corporation, New 50 New Members 
York, N. Y. W. Hoyt, E. M. Strong. 335 Previously Added 

WHITWORTH, BILLIE Joe, General Super- a 
visor of the Product Engineering 385 New Members as of 
Department, Hughes Tool Company, December 6, 1956. 





ASP-ACSM CONSECUTIVE MEETINGS 
AND CO-EXHIBIT 


The American Society of Photogrammetry and the American 
Congress on Surveying and Mapping plan their 1957 Consecutive 
Meetings and Co-Exhibit for March 3-9, at the Shoreham Hotel, 
Washington, D. C. The technical sessions of the ASP will include 
papers on many phases of photogrammetric activities, including 
high altitude photography and the role of photogeology in geo- 
logical explorations. The six divisions of ACSM will present varied 
programs on cartographic agencies, control surveys, and other cur- 
rent topics. The Co-Exhibit will display instruments, supplies, and 
services for photogrammetry, surveying, mapping, and_ related 
activities. 





JOINT CONFERENCE ON 
FLUID AND SOLID MECHANICS 


The fifth Midwestern Conference on Fluid Mechanics and the 
third Midwestern Conference on Solid Mechanics will be held 
concurrently at the University of Michigan, Ann Arbor, on April 
1 and 2, 1957. Further information regarding the conference can 
be obtained by writing to: Jesse Ormondroyd, General Chairman, 
Joint Mechanics Conference, College of Engineering, University 
of Michigan. 


WabDDELL, CLAUDE E., Assistant Profes- Houston, Texas. F. H. Berleth, F. 
sor of Aeronautical Engineering, Uni- Little. 
versity of Colorado, Boulder, Colorado. 
F. P. Durham, K. D. Wood. 


WILLIAMS, JOHN TrREw, Assistant Profes- 
sor of Chemistry, Colorado School of 
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TEACHING POSITIONS AVAILABLE 


ELECTRICAL ENGINEERING 
teaching positions will be available. Rank 
and salary commensurate with qualifica- 
tions and experience. Opportunity for 
graduate study. Address inquiry to Dr. 
C. Froehlich, Department of Electrical 
Engineering, City College of New York, 
Convent Avenue and 139th Street, New 
York 31, New York. 


CIVIL ENGINEERING ASSISTANT 
Professors or Instructors needed to teach 
courses in one or two of the following 
areas, Surveying, Structures, Hydraulics, 
or Transportation in metropolitan engi- 
neering college. M.S. degree and teach- 
ing experience desirable but not required. 
Positions available in September. Salary 
open, depending upon education and ex- 
perience. Please forward complete de- 
tails of education, professional experience 
and personal background to Dean Charles 
E. Schaffner; Polytechnic Institute of 
Brooklyn, Brooklyn, New York. 


ASSOCIATE AND ASSISTANT PRO- 
fessors for fields of advanced strength of 
materials, elasticity, dynamics, and fluid 
mechanics. Start February or Septem- 
ber. Department of Applied Mechanics, 
University of Kansas, Lawrence, Kansas. 


ASSISTANT AND ASSOCIATE PRO- 
fessors of Engineering needed. Able 
young Ph.D.’s interested in teaching and 
research in equal amounts. Well equipped 
and active professorial staff in thermo- 
dynamics and fluid mechanics is expand- 
ing to size comparable with interna- 
tionally-known group in mechanics of 
solids. Excellent opportunity for de- 
velopment and advancement. Write to 
Professors J. Kestin, P. F. Maeder, or 
R. F. Probstein, or to D. C. Drucker, 
Chairman of Engineering, Brown Uni- 
versity, Providence 12, Rhode Island. 


ASSISTANT AND ASSOCIATE PRO- 
fessors of engineering interested in 
teaching and research in equal amounts. 
Electronics and circuit men preferred to 
help complement group in electromag- 
netic theory. Excellent opportunity for 
development and advancement for quali- 
fied young Ph.D.’s. Write to Professor 
C. M. Angulo, R. D. Kodis, or E. T. 
Kornhauser or to Chairman of Engineer- 


ing, Brown University, Providence 12, 
Rhode Island. 


ELECTRICAL ENGINEERING AND 
Teaching Fellowships in large urban col- 
lege. Part-time day teaching with tuition- 
free evening graduate work toward M.S. 
in Electrical Engineering. Summer em- 
ployment available. Excellent opportu- 
nity for B.S. graduate who wants training 
for full-time engineering teaching. Salary 
increases and promotion on attainment 
of M.S. Also full-time teaching or part- 
time teaching plus part-time research 
available in ranks of Assistant Instructor 
through Assistant Professor. Annual salary 
increments. Evening teaching, graduate, 
and undergraduate, available with extra 
pay. Summer employment available. Ap- 
ply to F. A. Russell, Acting Chairman, 
Department of Electrical Engineering, 
Newark College of Engineering, 365 
High Street, Newark 2, New Jersey. 


ASSOCIATE PROFESSORS, ASSIST- 
ant Professors, or Instructors to teach in 
the Department of Engineering Drawing, 
which administers courses in Graphics, 
Engineering Mechanics, and Engineering 
Orientation. Rank and salary determined 
by training and experience. Year-round 
opportunities for participation in research 
which replaces part of teaching load 
during the academic year. Apply to Pro- 
fessor Carson P. Buck, Chairman, De- 
partment of Engineering Drawing, Syra- 
cuse University, Syracuse 10, New York. 
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ELECTRICAL AND MECHANICAL 
Engineering staff openings at Ph.D. and 
M.S. levels. Salaries commensurate with 
qualifications. Apply to Dean of En- 
gineering, Duke University, Durham, 
North Carolina. 


MECHANICAL ENGINEERING POSI- 
tion available as Assistant or Associate 
Professor. Advanced degrees required. 
Unusual opportunity to take a leading 
part in the development of graduate pro- 
gram. Write to Dean of Engineering, 
University of Virginia, Charlottesville. 


MECHANICAL ENGINEERING, 
Fluid Dynamics, Electrical Engineer- 
ing, Physics, and Mathematics teachers 
needed. Advanced degrees required. 
Write to President A. B. Bronwell, Wor- 
cester Polytechnic Institute, Worcester, 
Massachusetts. 


ELECTRICAL ENGINEERING POSI- 
tions available in expanding department, 
having excellent laboratory facilities. Co- 
operating industries assist in supplying 
appropriate research facilities. Excellent 
consulting opportunities, beautiful cam- 
pus, new buildings, desirable climate, 
close proximity to the Port of Corpus 
Christi, Texas, Padre Island, and Mexico. 
Engineering Drawing Instructors also 
needed. Write to the Division of Engi- 
neering, Texas College of Arts and In- 
dustries, Kingsville, Texas. . 


MECHANICAL ENGINEERING POSI- 
tion available for man interested in ma- 
terials and mechanics or machine design; 
also position for electrical engineer. Will 
teach various fundamental courses. As- 
sistant Professor rank, M.S. degree pre- 
ferred. Apply to Dr. I. O. Addicott, 
Administrative Dean, Fresno State Col- 
lege, Fresno 26, California. 
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INCREASED MECHANICAL ENGI- 
neering faculty needed because of larger 
enrollment. Courses to be taught are 
thermodynamics, heat transfer, fluid me- 
chanics, and laboratories. Persons should 
have some teaching and industrial ex- 
perience. Salary and rank open depend- 
ing upon degree and experience.  Posi- 
tions start September 15, 1957. Apply 
to the Dean of Engineering, Ohio North- 
ern University, Ada, Ohio. 


ELECTRICAL AND MECHANICAL 
Engineering positions open. Teaching 
assignments are Electric Power, Elec- 
tronics, Mechanical Vibrations, Fluid 
Mechanics, and other Mechanical Engi- 
neering subjects. Salary depends upon 
qualifications. Excellent fringe benefits. 
M.S. in Electrical or Mechanical Engi- 
neering desired. Applicants with B.S. 
considered. Write to Earle M. More- 
cock, Chairman, Applied Science Divi- 
sion, Rochester Institute of Technology, 
Rochester, New York. 


GENERAL ENGINEERING IN- 
structor and Assistant openings. B.S. 
engineering degree and good academic 
record required. Teaching or industrial 
experience desirable. Graduate study 
encouraged. Write to R. P. Hoelscher, 
116 Transportation, University of Illi- 
nois, Urbana. 


INDUSTRIAL ENGINEERING AS- 
sistant Professor or Instructor needed to 
teach courses in production standards, 
methods engineering, plant layout, and 
production control. Opportunity for re- 
search. Must be graduate of accredited 
industrial engineering department. In- 
dustrial experience, M.S. degree, and 
some teaching experience desirable but 
not essential. Excellent facilities in new 
engineering building. Strategically lo- 
cated in one of the most highly indus- 
trialized areas in the world. MAR-1. 
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LECTURERS, INSTRUCTORS AND 
Assistant Professors needed to teach Engi- 
neering Drawing and Descriptive Geom- 
etry, possibly with part of schedule in 
Civil or Mechanical Engineering. Excel- 
lent salary schedule. Opportunities for 
graduate study. Extra compensation if 
given an evening or summer teaching as- 
signment. For further information write 
to Chairman, Department of Drafting, 
The City College of New York, New 
York 31, New York. 


ASSISTANT OR ASSOCIATE PRO- 
fessor of Electronics needed to teach 
basic courses in electronics, electronic 
measurements, industrial electronics, elec- 
tron tubes, and ultra-high frequency 
communications and automatic controls. 
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B.S. degree in Physics or Electrical En- 
gineering and industrial experience re- 
quired; advanced degrees highly desir- 
able. Also Mechanical Engineering As- 
sistant or Associate Professor to teach 
courses in heat power, laboratory and 
related lecture courses or production lab- 
oratory and related lecture courses, ana- 
lytic mechanics, descriptive geometry, 
and engineering drawing; B.S. degree 
and industrial experience in mechanical 
engineering or graphics required; ad- 
vanced degrees highly desirable. Good 
opportunities in a new department in the 
process of planning new building and 
curricula. Good salary scale. Appoint- 
ments open September, 1957. Write to 
Dean Stephen L. Walker, Sacramento 
State College, Sacramento, Calif. 





ASEE Reprints Available 


The following reprints can be obtained from the ASEE University of 
Illinois, Urbana, Ill. The prices quoted are for single copies; in lots of 
100 or more the price is 12¢ each, except as noted. Please enclose check 
made out to ASEE with the order. 

Final Report on Evaluation of Engineering Education 

Single copies (25¢) 
Lots of 50 to 100 (20¢) 
Lots of 100 or more (12¢) 

Educational Aids in Engineering ($1.00) 

No reduction for quantity orders 

Report of Committee on Engineering Education After the War (20¢) 

Code of Ethics of Interviewing Procedures (25¢) 

Improvement of Engineering Teaching (20¢) 

Manual of Graduate Study in Engineering (50¢) 

General Education in Engineering 

(Report of the Humanistic-Social Research Project) 
Single copies (25¢) 
Lots of 50 to 100 (20¢) 
Lots of 100 or more (15¢) 











ENGINEERS’ COUNCIL 
FOR PROFESSIONAL DEVELOPMENT 


To the Constituent Societies of ECPD and EJC: 
Gentlemen: 


There is submitted herewith a proposal for a Survey of the 
Engineering Profession, prepared by a joint committee of ECPD 
and EJC. This proposal stemmed from the report in 1951 of the 
ECPD Committee on Adequacy and Standards, culminating in a 
recommendation from a meeting of 10 deans of engineering colleges 
who met in June 1954 at Cornell University upon invitation of Dean 
Hollister. These deans had all been identified with the ASEE re- 
port on Evaluation of Engineering Education, and as a result had 
concluded that a broad survey of the engineering profession was 
needed. This idea was developed in various informal conferences 
subsequently and was presented to ECPD early in 1955. As a result 
the subject was made a principal matter of discussion at the annual 
meeting of ECPD in Toronto in October 1955. A resolution (At- 
tachment 1) was adopted by Council recommending that such a 
survey be undertaken, that it be implemented by the Executive Com- 
mittee, and that endorsement of the constituent societies be sought. 

The Executive Committee of ECPD felt that such an important 
matter affecting the profession as a whole should be explored jointly 
with EJC. In January 1956, EJC authorized a joint committee, and 
it was finally consummated and held a meeting in May 1956. At 
that meeting a subcommittee was appointed to prepare a definitive 
proposal outlining the need and a tentative program for a survey, 
to be submitted to the constituent societies. At about the same time 
the Trustees of the residual funds of American Engineering Council 
voted to make available these funds on a reimbursable basis to 
inaugurate the survey. 

The ECPD-EJC joint committee recommends to the constituent 
societies that: 


1. They endorse the proposal submitted herewith, recognizing 
that it is necessarily tentative and illustrative. 

2. They endorse the establishment of a Joint ECPD-EJC Com- 
mittee on a Survey of the Engineering Profession. 

3. They authorize funds (perhaps on a membership dues basis ) 
for the initiation of the Survey. Once solid support on the part of 
the societies is demonstrated, there is indication that other sources 
will provide substantial underwriting. An immediate subsidy of 
$50,000 from the other societies is suggested. 


The present joint committee regards its task as completed upon 
the submission of this report. It is firmly of the opinion that a great 
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need and opportunity confronts the profession which may be dis- 
charged by undertaking a comprehensive survey involving, among 
other factors, the scope outlined in this proposal. 


Respectfully submitted, 
Joint ECPD-EJC Committee 


A Survey of the Engineering Profession 


J. W. BarkerR—ASME 
WaLpo BowMAan—ASCE 
Crossy FireLtp—ASRE 

W. L. McCase—AIChE 
M. P. O’Brren—ASEE 


THORNDIKE SAVILLE—AWWA 
HERBERT SEWARD—SNAME 
J. S. SMart, Jr. —AIME 

K. F. Tupper—EIC 

R. G. WaRNER—NCSBEE 


M. D. Hooven—AIEE—Chairman 





Report of the Joint Committee of the Engineers’ Council for 
Professional Development and the Engineers’ Joint Council 


ON A SURVEY 


OF THE ENGINEERING PROFESSION 


a as ks 6 deh ends BN Sen 
ried Che kon ikn inp onan e 
Enlightened Self-Interest as Well .......... 
The Personality of the Profession ........... 
The Spirit of the Survey ................. 
The Scope and Uses of the Survey ......... 


Professional Services and Responsibilities 
The Supply of Brain-power 

The Individual Engineer 
Sub-Professional Engineering Services 
Engineering Education 

Registration and Unionization 
Organization of the Profession 


The Role of the Societies ................. 
The Reason Within Us .................. 


Attachment 1 


The ever-accelerating pace at which 
expanding scientific knowledge and 
discovery is rendered useful by the 
engineer has stimulated a world-wide 
revolution. By force of momentous 
advances that are still in progress, the 
engineering profession has assumed 
broad responsibilities, among which 
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its traditional concern with individual 
professional competence is only one. 
The engineering profession today is 
the most complex of all. The present 
shortage in engineering manpower, 
serious enough by itself, has served 
further to underscore many other ma- 
jor problems confronting the profes- 
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sion. It has raised more questions 
than have been answered. 

Critical problems have arisen in 
every facet of the profession: educa- 
tion, utilization of manpower, organ- 
ization, and social and economic fac- 
tors, all of which intimately concern 
the national welfare. It therefore 
seems appropriate, necessary and, in 
fact, urgent that the engineering pro- 
fession at this time make the first 
searching and comprehensive self- 
study in its history. 

If it were a matter of numbers 
alone, the engineering profession and 
the nation would face a somewhat less 
formidable problem. But the pattern 
of the future is already being drawn 
in the affairs of today. Society and 
technology have not only utilized the 
professional competence of the engi- 
neer. They look to him to supply 
managerial and executive ability as 
well. To cite just one example, an- 
swers to the problem of natural re- 
sources will almost certainly hinge on 
the decisions and accomplishments of 
engineers. The engineer often works 
without the spur of public concern 
that, for example, accompanies med- 
ical research. More than ever today 
the engineer must possess the tech- 
nical and intellectual discernment to 
anticipate problems and solve them 
almost before others think of them. 
Inevitably, engineers make policy in 
a host of industries and vast govern- 
ment agencies which a decade or two 
ago looked to the corporation lawyer, 
the financier, or a political figure for 
the lead. Just as inevitably, in a pe- 
riod when the battle between freedom 
and totalitarianism is waged with 
bread and know-how, national policy 
must be drafted with the aid of 


engineers. 
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The Time Is Now 


The decision toward an undertak- 
ing so immense as a Survey of the na- 
tion’s largest profession is not easy 
and ought not to be made with undue 
haste. Five years of informal and for- 
mal deliberation and introspection lie 
behind this call for the Survey. It is 
issued not only because the time is 
propitious, but also in the belief that 
delay will do injury to the living and 
to generations to come. Action born 
of crisis can be precipitous; but if that 
action springs from competence, in- 
tegrity, and authority, it is likely to 
lead to vast strides forward. 


Enlightened Self-Interest as Well 


Among the great professions, engi- 
neering may take justifiable pride in 
its reputation. It has been uniquely 
free of mistrust, scandal, ridicule, and 
charges of incompetence or inertia. 
Having earned universal respect, the 
profession must not complacently as- 
sume that this is a permanent grant. 
If in the future shortcomings should 
bring deserved criticism upon the pro- 
fession (to say nothing of abuse and 
threats to professional freedoms) it 
will have only itself to blame. Assum- 
ing this concern to be, frankly, one 
motivated by self-interest, it is never- 
theless interwoven with the primary 
obligation of the profession to society. 

To measure up to the tasks required 
of it, the profession must be assured 
that it is properly training, utilizing, 
rewarding, and attracting men of the 
highest competence and potentialities. 
No responsible person can honestly 
say that all is well in these areas to- 
day. Only a top-to-bottom Survey 
can determine the nature of the mis- 
sion, the extent to which it is being 
fulfilled, and the steps necessary to 





aad anette mao 











SS Oe le 


a se 





Rnititis:tkat aia sna betta aC it 





Mar., 1957 


maximize our efforts in the most ef- 
fective manner. 


The Personality of the Profession 


The profession is composed of in- 
dividuals. The danger that this will 
be forgotten grows as the proportion 
of engineers to other groups increases 
inexorably. Indeed, neglect of the in- 
dividual has always been a tendency 
in a profession distinguished from 
many others by the fact that most of 
its members are employees rather 
than self-employed. Despite empha- 
sis on quantity, society and technol- 
ogy now clearly demand of engineers 
a high order of intellectual capability, 
individuality, imagination, and abil- 
ity to assume responsibility. The Sur- 
vey must therefore probe not only the 
day-to-day tasks of the engineer but 
also his attitudes, hopes, ambitions, 
disappointments, and fears. 


The Spirit of the Survey 


Other professions have surveyed 
themselves thoroughly—under __ less 
pressing circumstances than face the 
engineering profession today. The 
two most recent studies yielded sig- 
nificant pictures of the American ar- 
chitect and the American lawyer. 
These are cited merely as a matter of 
record; only to a minor extent could 
they serve as models for the Survey 
of engineering. Engineering's needs 
seem to call for a type of investigation 
more akin to the Hoover Commission’s 
study on governmental operations. 


The Scope and Uses of the Survey 


In each of the great areas, the Sur- 
vey will: 


Seek comprehensive knowledge of 
the facts of the existing situation. 


SURVEY OF ENGINEERING PROFESSION 607 


Formulate answers to many pene- 
trating questions arising from the 
facts. 

Make recommendations for future 
action. 

Provide ways and means of putting 
the recommendations into actual 
practice. 


If it truly penetrates every aspect 
and level of engineering, the Survey’s 
constructive conclusions may well be 
expected to provide guides for the 
profession for the next quarter-cen- 
tury. Not that engineering should 
straightjacket itself, for it is by na- 
ture dynamic and changing. But the 
great problems this Survey will attack 
are of a kind that not only will remain 
with us for the next generation but 
may be expected to come into sharper 
focus and carry even greater signif- 
icance than now. 

Following are the areas with which 
the Survey must be concerned, to- 
gether with an indication, not in- 
tended to be complete, of questions 
in each area that cry for investigation 
and solution: 


1. Professional Services and 
Responsibilities 


Today the essential of individual 
technical competence is but a starting 
point of the engineer's role in society. 
Past concepts, performance, and evo- 
lution of the profession should be 
analyzed to obtain an up-to-date per- 
spective on present and future prob- 
lems. Therefore, 


What are the strictly professional 
responsibilities of the engineer? 

To what extent do engineers influ- 
ence the application of their profes- 
sional efforts? 








How effective are the various codes 
of professional ethics? 

What are the gaps in intellectual 
leadership that could be, should be, 
filled by engineers? 

To what extent should professional 
education and organization be altered 
to equip the engineer for new, un- 
traditional services and _responsibil- 
ities? 


2. The Supply of Brain-power 


To meet the spiralling demands for 
both capital and consumer goods, the 
productivity of human effort must be 
rendered increasingly more effective. 
At the same time the intricacies and 
refinements of modern production 
take a growing percentage of engi- 
neering man-hours from inception of 
an idea to the fabrication and assem- 
bly. For example, a 1940 fighter 
plane took 17,000 man-hours of en- 
gineering, a 1955 took 1,410,000, and 
a 1960 promises to take 2,000,000. 
Engineering must share with the 
other professions and intellectual oc- 
cupations a relatively small reservoir 
of talented youths. Of the mere 17% 
of high school graduates intellectually 
suited to engineering education, engi- 
neering colleges are drawing one- 
fourth of the male portion. A single 
profession enlisting so great a propor- 
tion of this precious human resource 
assumes grave obligations and _ re- 
sponsibilities. Therefore, 


From a completely objective and 
unemotional study, what are the spe- 
cific shortages, present and projected? 
Careful statistical studies should deal 
not alone with the over-all situation 
but with industries, branches of engi- 
neering, and professional levels (con- 
sulting, industrial, teaching, and re- 
search), 
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What are the demands of the other 
professions on the national supply of 
brain-power? Will these brains have 
to be rationed? If so, what should be 
the order of priority? 

In general terms, and in case stud- 
ies, how are engineers utilized? 

Depending on the specific short- 
ages disclosed, how can they be al- 
leviated: by regimentation, incentives, 
better utilization, changes in educa- 
tion, variation of standards, or by 
other means? 

If the growing concentration of 
numbers in this one profession tends 
to depress the morale and initiative 
of its members, how may this be 
remedied? 


3. The Individual Engineer 


Because he often works in teams 
and is usually an employee, the in- 
dividual engineer is too often anony- 
mous. The tributes he has earned 
are frequently paid to his profession 
in the mass. Therefore, 

What is an engineer? Who is he, 
and what are his origins and his so- 
cial, cultural and economic back- 
ground? For the purposes of outlin- 
ing an operable framework for the 
Survey, the Survey Committee must 
first establish a definition of who shall 
be termed “an engineer” and therefore 
be included in the study. To do this, 
the areas of activity of engineers and 
those of scientists must be delineated. 

Why did he choose engineering? 
What was the nature of his intellec- 
tual preparation, and how did it af- 
fect his subsequent careert 

What made him choose his particu- 
lar branch or level of engineering? 

How much does he earn, and how 
much can he expect to earn through- 
out his career? What are his living 
standards? 
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What are his personality traits, and 
how do they affect his professional 
performance? 

Does the fact that so many engi- 
neers are employees adversely affect 
their professional outlook? Is there a 
different outlook among those who 
are self-employed or in policy-making 
positions? 

What are his intimate feelings 
about his profession, about the or- 
ganizational pattern in which he func- 
tions? How does this pattern encour- 
age or discourage his individual tal- 
ents, initiative and imagination? 

What do his employers and non- 
professional colleagues, family and 
friends think of him? How does he 
rate in his community or in the busi- 
ness world compared with members 
of other professions? 

All other factors being equal, is he 
more valuable for having remained in 
one job for many years or having 
switched often? 

What are the effects of pension sys- 
tems, and other devices to make em- 
ployment more attractive and reduce 
turnover, on the freedom and devel- 
opment of the individual engineer? 

Does he attempt to advance him- 
self after he leaves college, and by 
what means? 

Does he have non-professional in- 
terests, in individual pursuits and in 
his community? 


4. Sub-Professional 
Engineering Services 


Like the brain in the central nerv- 
ous system, the engineer triggers ac- 
tivity by men and women in a greater 
number of allied occupations and 
skills: at the same time, he receives 
information and services from them 
in order to perform the tasks requir- 
ing his particular professional ability 
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and judgment. This is true of other 
professions, though their allied sub- 
professional services seem to be more 
thoroughly and rationally organized. 
It is ludicrous to imagine a cardiol- 
ogist or other medical specialist per- 
forming the functions of a nurse, an 
X-ray technician, or a bacteriological 
aide. Yet many professional engi- 
neers are found in comparable situa- 
tions. Therefore, 

What are the specific types of sub- 
professional services allied to pro- 
fessional engineering? Should more 
women as well as men be enlisted 
into them? 

To what extent are professional en- 
gineers engaged in them? 

What are the educational require- 
ments for sub-professional services? 
What are the existing and needed 
educational facilities for them? 

What kind of people should be at- 
tracted to these services? 

What recognition can be given 
them? What opportunities should 
they have for transfer to professional 
status? 

What mechanical, as well as hu- 
man, aids are given to the engineer? 

To what extent can expanded and 
better apportioned sub-professional 
activities alleviate shortages in the 
profession? 


5. Engineering Education 


The ink is scarcely dry on the last 
extensive survey of engineering edu- 
cation. More spadework having been 
done in this area than in any other 
aspect of the engineering profession, 
the job of the Survey will be to crys- 
tallize the basic problems of engineer- 
ing education as they relate to other 
areas of the Survey and to make com- 
prehensive, detailed, and realistic rec- 
ommendations for solutions. Among 








the following questions, the Survey 
will have considerable information on 
some, may choose to examine others 
in still greater detail, and may want 
to put others to thorough examination 
by eminent laymen as well as by en- 
gineers: 


What do we mean by engineering 
education? 

What is the contribution of the edu- 
cational system to the development 
of the professional engineer from sec- 
ondary school through post-graduate 
study? 

Is engineering education too for- 
mal, stereotyped, and rigid? Does it 
foster or inhibit originality and crea- 
tivity? 

What is the actual cost of educat- 
ing an engineer? How is it paid? 

How are engineering schools 
financed, staffed, and equipped? 

What is the composition, ability, 
and morale of engineering faculties? 
How may schools retain outstanding 
faculties in the face of competition 
from other areas? 

What are the causes and implica- 
tions of the heavy mortality in engi- 
neering students? 

To what extent should social and 
humanistic studies be effectively in- 
tegrated into engineering education? 

Should some engineering studies be 
introduced into educational programs 
for other professions? 

How far should formal graduate 
work go? Who should pursue it? 

To what extent is the advancement 
and utilization of older engineers 
(those out of college five years or 
more) impeded by lack of opportu- 
nity or incentive for keeping abreast 
of new advances in engineering and 
science? 

What procedures can encourage 
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continuing education stimulating to 
the engineer, not restrictive of his 
family life and finances, and advanta- 
geous to his employer? 


6. Registration and Unionization 


Compared to his invaluable con- 
tributions and widespread prestige, 
the legal status of the engineer and 
his personal relationship with his pro- 
fession lag far behind and are rela- 
tively ambiguous. The fact that 48 
states have registration laws fails to 
meet the hard truth that while a doc- 
tor is a doctor, a lawyer a lawyer, a 
minister a minister, too often an engi- 
neer is all things to all men. Of all 
the professions, engineering has the 
most members of labor unions. There- 
fore, 


Should mandatory licensing be ex- 
panded? Should engineers be _li- 
censed broadly or in particular fields? 

Why do engineers register or not 
register? 

Has registration improved engi- 
neering ethics and the level of engi- 
neering services to the public? 

What problems arise from the prac- 
tice of engineering through the cor- 
porate form of business? 

What is the nature and extent of 
unionization? 

Why do engineers join unions? 
How does union membership affect 
their professional competence and 
subsequent careers? 

What is the organized profession's 
attitude toward unionization? 

Are there advantages and disad- 
vantages in unionization that affect 
the profession’s role in society? 


7. Organization of the Profession 


Many societies, organized along 
branch lines, flourish within the engi- 
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neering profession. The societies are 
organized in two federations. The 
profession has no true counterpart to 
the American Medical Association and 
the American Bar Association. On 
the other hand, those national organ- 
izations are comparatively new insti- 
tutions in the history of their profes- 
sions and their function and value, if 
related to the Survey of engineering, 
should be studied rationally and ob- 
jectively. Therefore, 


For meaningful organizational pur- 
poses, what are the major branches of 
engineering? 

Is the engineering profession co- 
hesive? 

What is professional unity and how 
does it affect maximum professional 
service? 

Are changes in the organization of 
the engineering profession desirable? 

What is the political, social, and 
economic status of the profession? 

What are its relationships to scien- 
tific organizations, industrial associa- 
tions, labor and political organiza- 
tions, the military, and other profes- 
sional organizations? 


The Role of the Societies 


A Survey of the engineering profes- 
sion will require at least two years. 
It will cost on the order of $1 million. 

The details of organization and pro- 
cedure of the Survey clearly cannot 
be spelled out in advance. For one 
thing, they require long and careful 
planning. For another, they demand 
a plan for consultation with all of the 
constituent societies, a step requiring 
that the societies first endorse this 
proposal in general terms. 

Generally, however, this Joint Com- 
mittee suggests the establishment of 
a Committee on the Survey of the En- 
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gineering Profession under the joint 
auspices of ECPD and EJC. 

Following the lead of recent self 
studies by other professions it seems 
logical to organize the Survey so that 
various groups would investigate spe- 
cific items on which they are best 
qualified. Such groups need not be 
composed solely of engineers since 
engineering embraces a spectrum of 
activities much broader than the tech- 
nical competence of the individual 
engineer. The calibre and distinction 
of the directing committee should be 
of a level to arouse enthusiasm and 
support in areas outside as well as 
within the profession. 

The committee would 


Outline a form of organization 
to conduct the Survey, using the pres- 
ent proposal and supplementary sug- 
gestions from the constituent societies 
as a basis. It will doubtless be desir- 
able to explore the extent to which 
one or another problem is peculiar to 
a given segment of the profession, so 
that special groups in one or more 
constituent societies may become spe- 
cial agents of the committee. 

Appoint a director and small staff 
to assist in detailing the program and 
later administering it under the com- 
mittee’s auspices. 

Make progress reports to the ex- 
ecutive committee of ECPD and the 
Board of Directors of EJC, so that 
constituent societies may be continu- 
ously informed through their repre- 
sentatives. 


Manifestly, the Survey cannot and 
should not be undertaken without the 
enthusiastic endorsement and support 
of the national engineering societies. 
The unity of the profession on the 
desirability of the Survey must be un- 
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mistakable before others are asked to 
lend their support. 


The Reason Within Us 


The future pattern of engineering 
will, to an extent undreamed of by 
many, influence day-to-day schedules 
in factories and mines, the size and 
shape of the national product, the 
face of the city and countryside, con- 
ditions in homes here and abroad, and 
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the respect with which American 
words are heard at conference tables 
the world over. This is verified by 
historical and technological reality 
and by a sense of great works—won- 
ders, if you will—that lies somewhere 
in the traditionally unemotional engi- 
neer. It is the preservation and ex- 
tension of that sense that we cite as 
our final reason for the Survey of the 
engineering profession. 


RESOLUTION ON SURVEY OF ENGINEERING PROFESSION 
Adopted at the Twenty-Third Annual Meeting of ECPD, on October 14, 1955 


Wuereas: The Profession of Engi- 
neering has ever increasing responsi- 
bilities in the rapidly expanding tech- 
nological aspects of our civilization, 
and 


Wuereas: these public and _ profes- 
sional responsibilities are becoming 
increasingly complex, and 


Whereas: the engineering personnel 
being trained is both limited in sup- 
ply and inadequate in number to dis- 
charge the needs under the present 
organization of the profession, much 
less those of the future, and 


Wuereas: the situation confronting 
the profession is charged with impor- 
tant social, economic, and _ political 
aspects in the interest of the public 
welfare, and 


Wuereas: in the light of these serious 
public and professional problems a 
study of the profession is called for, 
now therefore 


Let Ir Be Resotvep: That Engineers’ 
Council for Professional Development 
sponsor a survey of the engineering 
profession to include the present and 
prospective needs for engineering 
services, the improvement in the uti- 
lization of engineers and supporting 
technical personnel, the scope and na- 
ture of the education and training 
required, the problems of registration, 
unionization and ethics involved, and 
all other matters pertinent to deter- 
mine the most effective organization 
of the profession to meet its public 
responsibilities and professional op- 
portunities, and 


Be Ir FurrHer Resotvep: that Engi- 
neers’ Council for Professional Devel- 
opment seek the concurrence of its 
Constituent Societies in undertaking 
such a survey, and 


Be Ir Furruer Resouvenp: that Engi- 
neers’ Council for Professional Devel- 
opment refers this resolution to its 
Executive Committee for implementa- 
tion. 
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Report of the 
NINTH ANNUAL 


COLLEGE-INDUSTRY CONFERENCE 
Midwinter Meeting of the Relations With Industry Division, ASEE 


Three hundred and ten representa- 
tives of industry and colleges of engi- 
neering attended the Ninth Annual 
College-Industry Conference held on 
the campus of the University of Cali- 
fornia, Los Angeles, January 30-31, 
1957. The Conference was devoted 
to the topic “Improvement of the En- 
gineer—A Dual Responsibility of the 
Engineering College and of Industry.” 
The improvement of the engineer was 
considered as a two-phase problem: 
as education phase and as professional 
development. The Conference de- 
voted the closing session to recom- 
mendations for action and to con- 
sideration of costs. 

Some of the important elements 
suggested for the educational phase 
were: 


a) The basic sciences, mathematics, 
engineering sciences, and econom- 
ics should be emphasized and bal- 
anced in accordance with the ob- 
jectives of particular curricula, in- 
cluding design, research, operation, 
and production. 

b) Engineering students should be in- 
troduced to the requirements for 
teamwork involving other engi- 
neers, scientists, technicians, and 
non-technical personnel. 


For the professional phase it was 
suggested that: 
a) Industry should encourage con- 


tinued technical development of 
the engineer by supporting formal 


J. M. ENGLISH 
Local Chairman, RWI Division 
In Charge of Arrangements 


Associate Professor of General Engineering 
University of California, Los Angeles 


course work, participating in pro- 
fessional and technical societies, 
and providing special company 
programs and an adequate pro- 
fessional environment. 

b) Individual engineers should recog- 
nize the need for the development 
of the “whole man” as well as the 
development of the art of engi- 
neering through the acquisition of 
experience, personal judgment, and 
an intuitive feel for the solution of 
engineering problems. 

c) Industry should provide greater 
recognition and incentive for pro- 
fessional development in technical 
pursuits, so that the engineer does 
not feel that it is necessary to shift 
into general management to im- 
prove his status and salary. 


Participants generally agreed that 
superior engineering faculties must be 
maintained. However, no easy solu- 
tion to the problem created by the 
shift of teachers to industry was de- 
veloped. Higher salaries were pro- 
posed as an obvious remedy, but the 
complications resulting from differen- 
tial salary scales on college and uni- 
versity campuses remained unresolved. 

More opportunity for engineering 
faculty members to engage in profes- 
sional practice on a part-time basis 
was believed to be essential. This 
would not only offset the salary differ- 
ential between universities and indus- 
try, but would also serve to keep the 
faculty in touch with the rapid de- 
velopments in engineering practice. 
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SUMMER FACULTY-EMPLOYMENT PROGRAMS— 


A COMPILATION 


Because of the benefits derived by 
both parties from closer relations be- 
tween engineering faculties and in- 
dustry, a survey has been made to 
determine to what extent this relation- 
ship can be further developed through 
summer programs of employment and 
conferences for faculty members. 
Companies which had already dem- 
onstrated their interest in engineering 
education by membership in the 
American Society for Engineering 
Education were invited to submit in- 
formation of their activities. 

The tabulation presented here has 
three purposes. It provides profes- 
sors a summary of some of the oppor- 
tunities which exist for them in indus- 
try for the coming summer with some 
indication of the kind of activity each 
company offers. It provides the com- 
panies listed with publicity for their 
programs. It also provides the col- 
lege relations departments of com- 
panies now conducting haphazard or 
no summer programs with a guide to 
what can be and is being done by 


CLYDE E. WORK 


Associate Professor of Mechanics 


Rensselaer Polytechnic Institute, Troy, N. Y. 


some society-member companies who 
are leaders in this field. 

The compilation is divided into two 
sections; Part I includes the programs 
in which special activities are planned 
to provide professors with as broad 
a picture of the company’s operations 
as possible. In Part II are listed or- 
ganizations which offer summer work 
on a less formal basis. 

Certain other related activities not 
mentioned here are carried out in sev- 
eral companies. These include tours, 
open houses, faculty visits, and con- 
ferences, on a one or two-day basis. 
It has not been possible to summarize 
all of this kind of activity in the pres- 
ent paper. 

It would be surprising if this com- 
pilation is complete. Information re- 
ceived after December 15 could not 
be included. It is hoped that if this 
compilation proves to be worth while, 
it can be revised and perhaps ex- 
panded for publication again next 
year. Comments and supplementary 
or new information should be ad- 
dressed to the author. 


Key to Symbols Used in Compilation, Columns 5-8 


5. Other activities 


U_ tours of facilities 

V_ social and recreation 

W luncheons etc. with company per- 
sonnel 


6. Basis for payment 


S_ college salary rate 

Q job assignment and qualifications 

R_ honorarium or fixed stipend 

N no payment (except allowances, 
Col. 7) 
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7. Other allowances 


T travel 

F food 

H_ housing 

C cost of living 


8. Individual assignment 


J job on company project 

K study some phase of company’s 
operation 

L none 
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Company 
(Name and 
address) 


Allison Division 


General Motors Corp. 


Indianapolis 6, Ind. 


Boeing Airplane Co. 
Seattle, Wash. 
Wichita, Kansas 
Melbourne, Fla. 


California Research 
Corp. 

200 Bush Street 

San Francisco 4, 

California 


Continental Oil Co. 
P. O. Box 2197 
Houston 1, Texas 


Convair, Division 
of General Dynam 
ics Corp. 

Fort Worth, Texas 


Detroit Edison Co. 
2000 Second Avenue 
Detroit 26, Mich. 


Douglas Aircraft Co, 
Santa Monica, Calif. 


E. I. Du Pont de 
Nemours & Co. 
Wilmington 98, Del. 


Esso Research and 
Engineering 

P. O. Box 51 

Linden, New Jersey 

Ethyl Corporation 

1600 W, Eight Mile 
Road 

Ferndale 20 

Detroit, Mich. 


General Electric 

Company 
Schenectady, N. Y. 
(and others) 


General Motors 
Corporation 
Detroit 2, Mich. 
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Contact 
(Person and 
position) 


R. C, Smith 

General Supervisor 

Salaried Personnel 
Dept. 





John C, Sanders 
Eng’g. Pers. Ad- 
ministrator 
Boeing Airplane 
Company 
Seattle 24, 
Washington 





D. P. Krotz 
Asst. to the 
| President 





| Richard R. Crow 

| Asst. Manager 

| Industrial Rela- 
tions Dept. 


| H. A, Bodley 
| Administrative 
Supervisor 
Engineering 
Personnel 
| A. R. Hellarth 
| Asst. to Director of 
Employment 


| C. C. La Vene 

| Employment Man- 
ager 

Engineering Divi 

| s10n 


aes 
| G. M, Reed 

|} Chief Engineer 

| Engineering Dept. 


| T. J. Carron, 
Director 
Employee Training 
and Development 
Research Labora- 
tories 


W. Scott Hill 
Janager, Recruiting 
Eng'g Personnel 
| Department 
| 


| Kenneth A. Meade 
| Dir. Ed. Relations 


— 


| Backgrounds 
| included 


Tech, 


| Tech, 





| Tech. 


Non- 
| Tech. 


Tech. 


Tech. 
Non 
Tech. 
Tech. 
Non- 


| Tech. 
Tech, 
Non- 
Tech. 


Tech, 





Tech. 


Tech. 


Tech. 


| Tech. | 


| Tech, 


8 


8 





8 


12 


12 


10+ 


8 


12 


| 


a 


5 


20 


5 


20-2 


20 


| Number of 


| participants 


NR 
n 


10 


25 


10 


20 


10 


25 


-30 
100 


30 


30 





| Number of 
seminars 


| 
nl 
| 
| 


te 


N 


20 


15 


9 








| activities 


| Other 


U,V.W 
U,V.W 
U,V.W 


U,V.W | 


*See key on preceding page for meaning of symbols under columns 5 to 8. 


Basis for 
payment 


| 
| 
| 
| 


y 





~y 


e) 


OQorR 


N 


N 


Other 
allowances 


T,F,H 
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assignments 


| Individual 
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Part I.—Continued 
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Humble Oil and R. N. Dyer, Head Tech 8-12) 25-35 -- -- Q T,H J 
Refining Company Personnel Division Non- 
Houston 1, Texas Employee Relations | Tech. 
Dept. 
International Busi- R, A. Whitehorne 
ness Machines Corp. | Manager Engineer- 
590 Madison Ave. ing Recruitment Tech. 8-10} 30 — U,W S T J 
New York 22, N. Y. 
International Har- Ernest H. Reed Tech. be - 
vester Company Manager, Education | & Non 3 | 10-15 11 U,W R T,F,H K 
180 N. Mich. Ave. and Personnel Tech. 
Chicago 1, Ill. Dept. 
Linde Air Products Paul I. Emch re st 
Company Recruiting Coordi- Tech. 10-12) 10-15 10 U,V Q T J 
Tonawanda, N. Y. nator 
Newark, N. J. 30 East 52nd Street 
Speedway, Indiana New York 17, N. Y. 
Lockheed Aircraft E. W. Des Lauriers ‘ : 
Corporation Employment Man- | Tech. 8-12) 10-25 5 T,W Ss T J 
California Div. ager 
Burbank, California 
McDonnell Aircraft C. J. O'Toole 
Municipal Airport Asst. Empolyment Tech, 9+ | 10-30 — UW Q T | 
St. Louis 3, Mo. Manager 
Minneapolis-Honey- A. Lachan Reed 
well Regulator Director, Industry- | Tech. 
Company Education Rela- & Non-| 8-14) 20 S-10 | U,V,W Ss T J 
Minneapolis 8, Minn. tions Tech. 
Minnesota Mining & Wendel W. Burton 
Manufacturing Co. Employment Man- 
Saint Paul 6, Minn. ager Tech. 8-10} S-6 1 U,V,W Ss T S 
900 Fauquier Ave. 
North American Avia- | John J. Kimbark 
tion College Relations 
Downey, California Officer Tech. 8-12] 10-20 7 | U,V W Q T J 
Engineering Per- 
sonnel 
Pratt & Whitney Roycroft Walsh, Jr. | Tech. 8-12) 20-30 5 U,W Ss 7 J 
Aircraft Engineering Depart- 
East Hartford, Conn. ment 
Sandia Corporation W. G. Funk 
Sandia Base Manager, Employ- 
Albuquerque, New ment and Per- Tech. 12 15-25 — U,V Q x 4 J 
Mexico sonnel Dept. 
Standard Oil Co. R. F. Baldaste 
Chicago 80, Ill. Administrative Di- Tech. 8-12! 5-6 3 | U,V,W Q T J 
rector 
Whiting Laboratories| } 
Whiting, Indiana | | 
Stromberg-Carlson Co. | Arthur N. Paul | 
Rochester 3, N. Y. Director of Techni- | Tech. 8+ | 5-10 U,V WwW S — J 
cal Personnel 
—— — ——— oe = = — —— — ooo _ — 
Sun Oil Company J. Harold Perrine 
Research & Dev. Manager Tech. 8-12} 2-5 46 U,V Q J 
Dept. Administriative Div. 
Marcus Hook, Pa. | 
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Part I.—Continued 
1 2 3 4 5 6 7 8 
Cc a4 n mn 
Company ‘ontact we we Ae 
(Name and (Person and 54, a ds © — $ a& 
address) position) & © x oo g = & &s ra sé 
wo ~ H 22'S a ae ne . © So 
“45 botd Es Es o> SE os 2 bo 
eo | §2| 35 | SE] 38 a3 | sa | 38 
m.g ml B Za 128 Os maa Os aa 
U. S. Steel Corp. C. D. Feight, 
525 William Penn Director Tech 9 | 10-20 9 | U.V.W S T J 
Place Employment and 
Pittsburgh 30, Pa. Placement 
Westinghouse Electric | R. Craig Fabian, 
Company Supervisor Tech. 12-14} 20-25 1 U,V,W R T,F,H J 
East Pittsburgh, Pa. University Relations 
Education Dept. 


























Part II. INFORMAL EMPLOYMENT 


Company 
Acme Steel Company 
Chicago 27, Illinois 
Air Reduction Company 
150 East 42nd Street, New York 17 
Allis Chalmers Manufacturing Co. 
Box 512, Milwaukee 1, Wisconsin 
Aluminum Company of America 
Pittsburgh 19, Pennsylvania 
Arthur D. Little, Inc. 


30 Memorial Drive, Cambridge 42, Mass. 


Caterpillar Tractor Company 

Peoria, Illinois 

Chrysler Institute of Engineering 
Detroit 31, Michigan 

The Cleveland Electric Illuminating Co. 
75 Public Square, Cleveland 1, Ohio 
Continental Motors Corp. 

8647 Lyndon Street, Detroit 38, Mich. 
Corning Glass Works 

Corning, New York 

Eastman Kodak Company 

343 State Street, Rochester 4, N. Y. 
Electro Metallurgical Co., Niagara Works 
137—47th Street, Niagara Falls, N. Y. 
Erie Resistor Corp. 

Erie 6, Pennsylvania 

Food Machinery and Chemical Corp. 


161 East 42nd Street, New York 17, N. Y. 


Ford Motor Company 
21500 Oakwood Boulevard 
P. O. Box 2053, Dearborn, Michigan 


Contact 
H. L. Bills, Vice-President and 
Director of Industrial Relations 
F. R. Balcar, Coordinator 
Research and Engineering 
Paul A. Bierwagen, Supervisor 
Graduate Studies, Graduate Training Section 
R. L. Gaughler 
Manager of College Recruitment 
James M. Jager 
Personnel Director 
N. M. Nelson 
Employee Relations Manager 
L. R. Baker, Director 


Charles E. Richards 
Manager—Production Engineering Dept. 
Peter Altman 

Vice President 

L. W. Larson 

Director of Training 

J. H. Howard, Director 

Business and Technical Personnel 
Willis W. Lake 
Administrator—Recruiting 

J. D. Heibel, Vice President 
Engineering and Research 

J. S. Thomas 

Technical Personnel Manager 
Francis J. Budde, Section Supervisor 
Salaried Personnel, Training, and 
Employee Services Department 
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Part II1.—Continued 


Contact 
Hercules Powder Company 
Research Department, Wilmington 99, Del. 
International Resistance Company 
401 North Broad Street 
Philadelphia 8, Pa. 
Johns-Manville Corporation 
Twenty-two East Fortieth Street, N. Y. 16 
Louisiana Power & Light Company 
142 Delaronde Street, New Orleans 14, La. 
Monsanto Chemical Company 
St. Louis 4, Missouri 
Philco Corporation 
Philadelphia 34, Pennsylvania 
Phillips Petroleum Company 
Bartlesville, Oklahoma 
Public Service Electric and Gas Co. 
80 Park Place, Newark 1, New Jersey 
The Pure Oil Company 
35 East Wacker Drive, Chicago, IIl. 
Rohm & Haas Company 
1700 Walnut Street, Philadelphia 3, Pa. 
Shell Development Company 
Emeryville, California 
Sylvania Electric Products Inc. 
1740 Broadway, New York 19, N. Y. 
Vitro Laboratories, Armament Test Activity 
Eglin Air Force Base, Florida 
The Youngstown Sheet and Tube Company 
Youngstown 1, Ohio 


Company 


R. S. Voris, Technical Assistant to the 
Director of Research 

Walter J. Gershenfeld 
Personnel Manager 

Central Office 

Ledwith J. Brennan 

Director of Training 

W. H. Senyard 

Director of Personnel 

Robert F. McCoole 
Technical Personnel Manager 
Charles Lupton 

Manager, College Relations 
D. R. McKeithan 

Director, Personnel Procurement 
M. D. Hooven 

Electrical Engineer 

J. J. Stadtherr 

Training Director 

John C. Haas 

Vice President 

Mott Souders 


Harris Reinhardt 

Manager, Organization Development 
A. J. Erickson 

Director 

John R. Bohue 

Director of Industrial Relations 


AppENDA TO Parr II (Received after Dec. 15, 1956) 


Company 


American Viscose Corp. 
Marcus Hook, Pennsylvania 
Chemstrand Corporation 
Decatur, Alabama 

Goodyear Tire & Rubber Co. 
Akron 16, Ohio 

Hughes Aircraft Company 
Culver City, California 
International Paper Company 
Mobile 9, Alabama 

Radio Corporation of America 
Camden 2, New Jersey 

Scott Paper Company 
Chester, Pennsylvania 
Western Electric Company 
195 Broadway, New York 7, N. Y. 


Contact 
A. Ross Adams 
Asst. to Vice President 
A. D. Preston 
Technical Personnel Manager 
David Thomas 
Manager—College Relations 
F. A. Scott, Office of Advanced Studies 
Research & Development Laboratories 
Sameul W. Jenkins 
Southern Kraft Division 
Ward T. Huevelman 


Richard B. Miller 

Manager of Corporate Employment 
M. J. Storey, Superintendent 
Personnel Administration 
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ENGINEERING ENROLLMENTS AND DEGREES 
IN ECPD-ACCREDITED INSTITUTIONS: 1956 


SIDNEY J. ARMORE AND HENRY H. ARMSBY 


Mr. Armore is Chief, Statistical Services Section, Research and Statis- 
tical Services Branch, Office of Education, U. S. Department of Health, 
Education, and Welfare. Dr. Armsby is chief for Engineering Educa- 
tion, Division of Higher Education. The authors would like to ack- 
nowledge their indebtedness for contributions made during the several 
stages in the preparation of this article to Leah W. Ramsey, Hazel Poole, 
and Elizabeth Bentson of the Statistical Services Section staff, who were 
under the supervision of Mabel C. Rice. 


The term “ECPD-Accredited Institutions” refers to those institutions 
in which one or more engineering curriculum(s) are accredited by the 
Engineers Council for Professional Development. Engineering enroll- 
ment and degree data for all institutions which grant engineering de- 
grees, including those accredited by the ECPD, will be published in the 
near future by the U. S. Office of Education (Circular No. 494, Engi- 
neering Enrollments and Degrees: 1956). 


Summary 


1. Engineering enrollment in ECPD-accredited institutions in 
the fall of 1956 (242,405 students ), was slightly below the all-time 
high reported for 1947. 

2. Engineering enrollment has shown steady and accelerated 
year-to-year increases since 1951. 

3. Male engineering enrollment made up of 12.5% of total male 
college enrollment, compared with 12.1% the year before. 

4. Freshman engineering enrollment has been rising steadily 
since 1950. 

5. Freshmen engineering students accounted for 14.9% of the 
total first-time male students in 1956, compared with 14.6% the 
year before. 

6. The greatest increase in undergraduate engineering full-time 
enrollment in 1956 from a year earlier was observed for seniors. 
This category of enrollment increased 20.7% above the year before. 

7. Enrollment of undergraduate part-time and evening students 
was 26.6% higher than the year before. 

8. Enrollment for the master’s degree increased a phenomenal 
20.8% from a year ago. 

9. Enrollment for the doctor’s degree rose 7.6% from the year 
before, reversing the decline observed in 1955. 

10. During 1955-56, first-level engineering degrees awarded 
rose 16.6% from the year before, compared with 14.0% for all 
first-level degrees awarded. 
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11. The number of master’s degrees in engineering awarded 
rose 5.3% from the year before, while doctor’s degrees awarded in 


engineering increased 1.8%. 


12. The five engineering curricula for which the highest per- 
centages of first-level engineering degrees were awarded for the 
eight-year period 1948-49 through 1955-56, in the order listed, are: 
mechanical, electrical, civil, chemical, and industrial. 

13. The highest percentage of master’s degrees awarded in en- 
gineering was in electrical engineering. 

14. The highest percentage of post-graduate pre-doctoral de- 
grees awarded in engineering was in naval architecture and marine 


engineering. 


15. During most of the eight years -studied, the highest per- 
centage of doctor’s degrees awarded in engineering was usually 


in chemical engineering. 


In 1955-56, however, electrical engineer- 


ing doctorates were equal in number to those in chemical engineer- 
ing. No other fields had as many doctorates. 


Introduction 


Reports from 100% of the ECPD- 
Accredited Institutions show that en- 
gineering enrollment in the fall of 
1956 was slightly below the all-time 
high of 224,390 reported in 1947. 
After steady and accelerated year-to- 
year increases since 1951, total engi- 
neering enrollment in the United 
States and outlying parts in the 151 
institutions accredited by the Engi- 
neers Council for Professional Devel- 
opment (ECPD) reached a level of 
242.405 students in the fall of 1956. 
This represents a 14.4% increase from 
the year before as compared with a 
13.1% increase in 1955 over a year 
earlier. The 1956 enrollment level 
was 64.1% above the recent low 
point, which occurred in 1951. 

While total college enrollment in 
the United States and outlying parts 
likewise has shown persistent year-to- 
year increases since 1951, it has gen- 
erally been at a slower rate. Total 


college enrollment in the fall of 1956 
rose 10.0% over the year before, and 
7.2% in 1955 over a year earlier. Ac- 


cordingly, the percentage of college 
enrollment made up of engineering 
students has risen steadily since 1951, 
except for a slight drop in 1954. In 
the fall of 1956, engineering students 
in institutions accredited by the 
ECPD accounted for 8.2% of total 
college enrollment, as compared with 
7.9% in 1955. 

Since engineering enrollment is 
composed almost exclusively of men, 
it is perhaps more appropriate to 
compare total male students enrolled 
in engineering curricula with total 
male college enrollment in the United 
States and its outlying parts. In the 
fall of 1956, total male engineering 
students in ECPD-accredited institu- 
tions made up 12.5% of total male 
college enrollment. This percentage 
compares with 12.1% in 1955 and 
11.6% in 1954. 


Undergraduate Enrollment 


All levels of undergraduate engi- 
neering enrollment in the 151 ECPD- 
accredited institutions showed _in- 
creases in the fall of 1956 over the 
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year before. Freshman engineering 
enrollment, which amounted to 66,- 
409 in the fall of 1956, has been rising 
steadily since 1950. The year-to-year 
increase was 8.6% in 1956 as com- 
pared with 10.1% in 1955. 

Engineering freshmen made up 
9.2% of total first-time college enroll- 
ment in all institutions of higher edu- 
cation in the United States and out- 
lying parts in 1956, compared with 
9.1% in 1955. When compared with 
first-time male enrollment, new engi- 
neering students accounted for 14.9% 
in 1956 and 14.6% the year before. 

The 48,423 sophomores enrolled in 
engineering in the fall of 1956 repre- 
sented an increase of 10.6% over a 
year ago, while the number of engi- 
neering juniors, 39,578, was 14.1% 
higher. The greatest increase in un- 
dergraduate engineering full-time en- 
rollment was observed for seniors. 
The 33,646 seniors enrolled in ECPD- 
accredited institutions in the fall of 
1956 were 20.7% above the year be- 
fore. 

Part-time and evening undergradu- 
ate engineering enrollment in the fall 
of 1956 totaled 26,021 students for 
ECPD-accredited institutions. This 
accounted for 12.0% of total under- 
graduate engineering enrollment, a 
higher proportion of this total than has 
been observed since 1952. Enrollment 
of undergraduate part-time and eve- 
ning students in the fall of 1956 was 
26.6% higher than the year before. 


Graduate Enrollment 


Total graduate engineering enroll- 
ment in the fall of 1956 for the 124 
ECPD-accredited institutions with 
graduate enrollment increased sub- 
stantially over a year earlier, and at 
a higher rate than for undergraduates. 
Enrollment for the master’s degree, 
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22,242 students, increased a phenom- 
enal 20.8% from a year ago. In 1955, 
enginering enrollment for the master’s 
degree showed a year-to-year increase 
of 7.8%, while in 1954 it declined 
7.2%. 

Enrollment for the doctor’s degree 
in the fall of 1956 for ECPD-accred- 
ited institutions amounted to 3,400 
students. This represented a rise of 
7.6% from the year before, reversing 
the decline of 3.6 % observed in 1955. 

Evening student enrollment is pro- 
portionately much higher for graduate 
than for undergraduate engineering 
enrollment. In the fall of 1956, the 
11,107 evening students enrolled for 
the master’s degree made up about 
half (49.9% ) of total engineering en- 
rollment for the master’s degree in 
ECPD.-accredited institutions. This 
compares with 48.7% for 1955. Eve- 
ning student enrollment for the mas- 
ters degree increased 23.9% in the 
fall of 1956 compared with that for 
a year earlier. 

Evening student enrollment for the 
doctor's degree in ECPD-accredited 
institutions totaled 528 in the fall of 
1956. This amounted to 15.5% of 
total engineering enrollment for the 
doctor’s degree in these institutions, 
compared with 16.1% of the total the 
year before. Evening student enroll- 
ment for the doctor's degree increased 
3.9% in the fall of 1956 over a year 
earlier. 


First-Level Degrees 


During the 1955-56 academic year, 
23,547 first-level engineering degrees 
were awarded by the 151 ECPD-ac- 
credited institutions. This represents 
an increase of 16.6% from the year 
before, reflecting higher enrollments 
of engineering freshmen in 1952. This 
was the second year that first-level 








engineering degrees had shown an 
increase from the year before. In 
1954-55, the number of first-level 
engineering degrees conferred by 
ECPD.-accredited _ institutions was 
2.5% above the year before. 

Total first-level degrees in all fields 
awarded during 1955-56 in the United 
States and outlying parts rose an esti- 
mated 14.0% from the year before, 
a lower rate than for first-level engi- 
neering degrees. Accordingly, the 
percentage of total first-level degrees 
awarded during 1955-56 in the field of 
engineering was 7.3% a little higher 
than the comparable percentage of 
7.0% the year before. 


Advanced Degrees 


A total of 4678 master’s degrees in 
engineering were granted by ECPD- 
accredited institutions in 1955-56, 
amounting to a 5.3% increase from 
last year. The number of engineer- 
ing master’s degrees awarded has 
been increasing steadily since 1953, 
though at a decreasing rate. The 
year-to-year increase in master’s de- 
grees conferred was 10.8% in 1953-54 
and 7.6% in 1954-55. 

Total master’s degrees to be con- 
ferred in all fields during 1955-56, as 
estimated for the United States and 
outlying parts, indicated a reduction 
of 1.3% from a year earlier. In con- 
trast, master’s degrees in engineering 
awarded during 1955-56 by ECPD- 
accredited institutions made up 8.2% 
of the total, a rise over the 7.6% noted 
for the year before. The percentage 
of total master’s degrees accounted 
for by master’s degrees in engineering 
has been rising steadily since 1952-53, 
when it was 6.1%. 

ECPD-accredited institutions 
granted a total of 610 doctor’s degrees 
in 1955-56, 1.8% more than the year 
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before. This was the second year of 
increase in the number of doctor's de- 
grees awarded since 1953-54. In 
1954-55, the number of these degrees 
conferred rose 1.5% from the year 
earlier. 

Total doctor's degrees awarded in 
all fields in the United States and out- 
lying parts, as estimated for 1955-56, 
indicates a reduction of 6.4% from a 
year earlier. The percentage of total 
doctor's degrees granted in the field 
of engineering rose to 7.4% in 1955- 
56 from 6.8% the year before. 


Choice of Fields 

Analysis of degrees granted by 
ECPD-accredited institutions during 
the eight academic years 1948-49 
through 1955-56 was made to deter- 
mine the relative output of engineers 
in the various curricula. The five en- 
gineering curricula for which the larg- 
est numbers of degrees were awarded, 
at each level, were observed and 
ranked. For purposes of this analysis, 
the unclassified category was ignored. 

There was a consistent pattern of 
choice indicated by the rank ordering 
of first-level degrees awarded. Me- 
chanical engineering was first and 
electrical second, followed by civil, 
chemical, and industrial, in that order. 

Analysis of advanced degrees 
awarded by ECPD-accredited insti- 
tutions indicates that the highest per- 
centage of master’s degrees was 
awarded in electrical engineering for 
each of the eight academic years 
studied. Mechanical was second for 
all years but 1955-56, wher it moved 
to third place. Third and fourth 
place fluctuated between civil and 
chemical during the three years 1948— 
49 through 1950-51. During the fol- 
lowing five years, however, 1951-52 
through 1955-56, chemical engineer- 
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ing was in fourth place, while civil 
engineering stayed in third place un- 
til the last year, when it replaced me- 
chanical in second place. Fifth posi- 
tion was held by aeronautical during 
the three years 1948-49 through 1950- 
51, and by industrial engineering dur- 
ing the last five years. 

During most of the years studied, 
naval architecture and marine engi- 
neering had the highest percentage of 
post-graduate pre-doctoral degrees 
awarded. The highest percentage of 
doctor’s degrees awarded during 
these years was almost always in 
chemical engineering, with electrical 
engineering second. Mechanical was 
almost always third for doctor’s de- 
grees awarded, metallurgical fourth, 
and civil engineering fifth. 


Notes 


The data contained in this report 
are based on a survey of engineering 
schools and colleges made in October 
of 1956 under the joint sponsorship 
of the U. S. Office of Education and 
the American Society for Engineering 
Education. In accordance with an 
agreement reached by a joint commit- 
tee of the Office of Education and the 
ASEE, all institutions listed in the Of- 
fice of Education Directory of Higher 
Education! which reported the con- 
ferral of degrees in engineering dur- 
ing 1955-56 * were requested to fur- 
nish data. Ten Canadian institutions 
were also invited to participate in the 
study. This survey collected enroll- 
ment and degree data for all institu- 


1 Education Directory, 1955-56, Part III, 
“Higher Education” (U. S. Office of Edu- 
cation ). 

2 Earned Degrees Conferred in Higher 
Educational Institutions, 1955-56 (to be 
published in the near future, U. S. Office of 
Education ). 
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tions accredited by the ECPD, 66 
other United States institutions, and 
10 Canadian institutions. 

As proposed by the joint ASEE and 
Office of Education Committee and 
approved by the ASEE General Coun- 
cil, the statistical tables in this report 
list individually only those institutions 
(eligible for active institutional mem- 
bership in the ASEE) in which at 
least one curriculum has been ac- 
credited by ECPD, but contain sum- 
mary totals for other engineering 
schools in the United States and for 
Canadian institutions. 

Requests for the data upon which 
this report is based were directed to 
the registrars of the institutions con- 
cerned. The Office of Education ap- 
preciates the splendid cooperation of 
these officials, as reflected by a 100% 
response. 

Period covered: Engineering schools 
were asked to report student enroll- 
ment as of October 3, 1956. A few 
institutions, because of late openings, 
were unable to report before Novem- 
ber. Degree data are for the period 
July 1, 1955, to June 30, 1956. 

Undergraduate students: Institu- 
tions were requested to report by 
class level only those students enrolled 
definitely as candidates for an engi- 
neering degree. “Part-time students” 
(both day and evening) include stu- 
dents not working toward a degree, 
as well as degree candidates. 

Graduate students: Institutions were 
requested to report “all students who 
have been admitted to formal grad- 
uate standing and are enrolled in 
graduate courses, regardless of the 
number of credit hours carried by the 
student, and regardless of whether 
the student’s work is administered by 
the engineering college or the grad- 
uate school.” 














Vol. 47—No. 7 


DHRU OF JaPIO Ul ‘SUOTBIYISSEID QCGI JO SISEG BY} UO CCGG] 410j BJep JUsUTT[OIUS jo Buldno1B-a1 ay} pazezssedeu Vd} Aq suOIINIISUI JO UOTBOYISSEII-9y 
JBuoIssajoid-1ulas J9Y3O IO SUBIDTUYIe} JO Burures} ay} 03 Aypedrourid 1o Aj]JoYM pazOaAep suo!}NzIsul IwaA-0M} CE BuIPN[oxe Aq paesueyd useq sey 91N3y SI] ¢ 


“S$ ‘GQ Jo syred BalA]{NO Burpnyoutl yng ‘suorjNzIYSUl pezpelI0e-Gg+)ay UI A[UC gm 
*syued ZulAQno sapnpouy » 
*@IQeIeAUIOD SIvaA OM} BSaq 
*jeuuosied 


*ye10}90p-aid 19y10 SapnNypuy ; 


























Mes Mole SL %9L VP l MOL %O'L %V'3 1230} 0} Bupseulsue Jus Jeg 
SOF‘ 7$Z £76'11Z FSP L8T ZEs‘ILt SIS'sst F69'Lb1 b7E' 191 997861 «¢°S “() Ul JusUIT[OIUS SuysseuIsUq 
Zz $86'966'7Z £79'8L9'Ze OSL‘ 66F'Z 000° 1$z‘Z 000° 84 1°Z 000°9T 1'Z 000° £62°Z o00*os#'zZ * S “2 Ul JUeUITJOIUS aBaTTOO [eI] 
° 9S6l ssol FSol esol zS6l Iso! Os6l 6F6I 
e 
Ps (9S-SS61) O19 oor 87S ZL8°Z (9S-SS61) 819'F 7777 LOUIT ser'it 9s6l 
5 (SS-#S61) 66S lore 80s £99°7Z (SS-$S61) PPP t LOF'sI 896'8 6EF'6 sso 
a (#S-€S61) 06S 6L7'€ 96L £8F'Z (¥S-€S61) OLT'F ZLO'LT 9LL'8 967'8 bso 
a (€S-ZS61) 76S 100'¢ £04 867'7 (€S-ZS61) 9ZL'E sOor'st 1z¢‘Or $80'8 esol 
(ZS-IS61) 98¢ 0£6'Z 699 197'Z (ZS-IS61) ZEV't SIP‘Zt 966'6 77HL zS6r 
O (TS-OS6I) 98S SL8°7 OSt 61¥'Z (1S-OS6l) ET's ZSP'OT FLS'6 818'9 TS6l 
4 (OS-6461) Z6b S6L'7 est ThE (OS-6F61) S98" SLs‘st Sz L Ost’ Os6l 
& (6b-8F61) LIP TPS‘Z gst 98e'7Z (6F-8661) E82’ 6L0'ST ObL'F efe'Or oro! 
Pe petseyuoy [e320 _L Sulusay eur] weg 1petreyuos Te30_L Sulusaq eury weg rea A 
tx] $90139q] pue [ny Saai39q] pue [[ny 
Zz 8,10390q ‘syuapnys Aeq 8,JaqSe yy ‘syuapnis Aeq 
_ 0°ON 0 “ON 
i&) . 9218aq] $,10}90q] 2y} , 19013eq] S$, JaysSeyy 2y} 
Z Joy YAOM Ul pafjoruy Joquinn 4OJ FIOM Ul poyforuy soquinn 
6) 
x 
° 
Pa (9S-SS6T) L¥S' EZ £9L'91Z 12097 989'Z oF9' ee 8LS'6E £7‘ 8 60¥'99 9sol 
< ($$-#$61) 007'0Z ss¢'06l Igs‘0z £7E°Z 698° LZ 969' FE SLLSt TPT 19 sso 
Zz (S-€S61) LOL‘6I £OU'L91 87S‘ 61 £7E°Z LL9°%Z 669'87Z She'se Tes‘ ss FS61 
x (€S-ZS61) ZH9'IZ 9zF'OsT 06891 96¢°7Z O£L'1Z SLO'£7 £S6'7E 78P‘ZS £S6l 
> (ZS-IS61) SST LZ OLI' Sel S67‘ LT £9S'Z esr eZ 69€°7Z 9£9°97 $S8'St ZS6I 
re) (TS-OS61) FO6'LE L9¢'8Z1 687'ST 9F6'7 078° LZ LSL'¥Z 8OF' £7 LUL be 1S6l 
= (OS-6¥61) O9T' 8b PSO THT FOS‘ FI osl'¢ LOL‘ LE LS6'0€ 7HT LZ POE" 67 Osol 
(6b-8F61) £6L'Tt 9F9'08T SLP'el 97¢'7Z 166'0S S69 lt Brose g0s‘9e 6F6r 
peieyuoy [220.1 Sulusaq 41e3aA YTS 4JOIUIS sorunf aiowoydog usWIYSel yy ieaA 
saoiZ9q] 3,3uq pue 
3SIIyJ JO “ON eu], weg 





(fey) eaZec] Bulsvsuisuy 3s4ly Jey] 4JOJ peyjoruy Joquinyy 








(syaed SulA]}No pue saj}ej}g peu 41044) 


9S6T-6F6T 


SNOILOLILSN] GALIGAUDIOY-G@ dD NI SAANOAC] GNV SINAWTIOUNY ONIGAANIONY 


624 


I HIaVvVL 





Ww 
N 
=) 


ENGINEERING ENROLLMENTS AND DEGREES, 1956 


Mar., 1957 








*DJ0 ‘BuL9uIZus JUVWIIBeUeU ‘FULIVGUIZUS VAIZEIISIUTIUIPe SepNypouy] ¢ 
‘doa Aq peaoidde Ayjeoytoeds aq jou Aew 40 ABW WIN[NOWIND YONG ‘UIN[NIINd UsAIZ ZuLayo spooyos jo Jaquinu ay} OF} Ssojor SIY] 1 







































































(epeuesy pure “Ss ‘) 

96P'8Z bile ses't 16L'T 997'6£ | 80P'9F | 666'LS | 8£6'08 Poet | 9S0'6SZ 6L te64e i. Geei°°*** scererre es “OL pees 
- z _ OF $69'T 86L'T O£7'Z 00z'¢ 67 00¢' 6 € ee a es sjooyos ueIpeuey 
966'8Z zIL‘¢ gest Lge'l TLS°LE | O19'FR | OOL'SS | BEL'LL soe't | OSL‘ OFZ 9L oo, ey 2 Ie biel ae sJOOYIS *S “ TIV 
€bs'b $F9' Poe SLI S76'f z£0'S Orel 67E' IT 8072 OSI te s bSL'Z Teese ess * “s100Y9s *§ *() 194IO 
£S6' £7 890'Z PLP Z1Zz'T oro'ee | BLS'6E | EzPSb | 60F'99 LSI | 909'SIZ VW meee cee Re **WdOd [2701 
1tF, L6 6F or ore 16¢ 80s st9 0z 10¥'Z ¢ — eae ee snaiiatle Mik 12310 
203 IT ste 8 _ ad 191 sso'e zos‘oz | Lz€ eos'se _— oe. eee Ss ete mere poyissepouy) 
— + _— _— 16 901 zor £01 8 86£ _— i=. = aa See apxeL 
pes os == = 1 t : z x $2 es i re Cee verse ess Ape URS 
81 61 — 61 £16 090'T £L0'T LO¥'T 9 £9S' > — Tos th in lie ie uinso1j9d 
_ € — — L¥ os LS 97 if zs — a (ome pete tse euLeW ® “yoy feaen 
6 8 — I €LZ 697 Lie eee _ O77‘ 1 — | BD: det... SD haat ite 8 SUTUryy 
727, tI €Z 87 6L9 S7L 062 $99 £1 zee if Sp eee Am haa eS TEE [eorsinyey 
80z'¢ Ist bzF Ise OIT's | $29'6 | ELL'OE | ZeE'OT | IZt Sbo' er or SL6'S ee 
6tP 68 z9 L6 $z0'Z sos‘ zest SzO'l 87 9S0'L s ose'l Sve igen eee te ** *gyetysnpuy 
= = — — 87 6F VW 16 I SEZ, — Re, SR heehee hes. Teo1sAydoar) 
a — —_ 9 see st¢ L8E, 90%, € 6br'l _— cee. RR gre tte eee Teo1Bojoas) 
16¢ bL _ € Z6L 618 €10'T Sort 1€ 67S'F Zz Se! hy: ae seek BZuLssulsuy [e1suss) 
Le 8 - ef Ire 6eF Tos 6bF 97 ZSL't _ ae eae ee ey soshyd Bulsoulsuq 
_ 1 _ _ 8 6 st — es ee 1 a ee eee soUeYye, SuLseulsuq 
LOv'> 9LS ze Osz ZL0°6 =| Z8S*IT | OFO'HT | GOZ'ET | ZHI 77s‘ es II ee oes. Pe Ce ee Te91439914 
OLF'T 1ZZ Lz OSI 060'S 9£90'S ££7'9 $8P'9 sit ZO*'SZ ol sige | det |'°*:: ies a oe ** “TAI 
#S9 Let Sst tFl 777'E 998'¢ St9'F €7Zz'S £02 €L8°L1 1Z sse'z eee ott ee eae Teorey) 
_ Zz 1 8 6ST z0Z ZbZ $7Z zI 978 if a oe foe orurel3) 
1s ol LI 1Z €LP 69¢ Ise ores of 988" £ z0z there ** Teanqoez yoy 
_ or 1 LI BLE LSP 764 €8t Zz 9¢3'T — | A foe: A eae ies ah” Teangnousy 
68Z 66 SP 8s g0z'T Lgs‘T str'z feL'Z z9 ZL0°8 if Ce 42) 8 Foose eee JeorIneuolsy 
?dOq 4q psj}ipess98 sjooyss 

(#1) (€1) (ZT) (11) (01) (6) (8) (2) (9) (s) (*) (€) (1) 

squepnis weiZ01g win] UsWOM | UIA | USUIOM | UIT 
sjuepnig| Aeq yer aArzeIIdO “nouns : : - ® 
Buruaaq | -adg pue -OZ jo *IA-§ JO 4A WP | “4A PJE | “JA pUuz | “4A AST 
oun L-wed | “JA WS “4A WS TeIOL 9S-SS6T wnhynong Suseursuq 
peiieajuo7) 





OS61 eA :2ex8aq SuyseuBuq 3414 Wey], 10; payor saquiny 





$90139q] 3,3uq 
IIT JO "ON 














OS6I :WNINDIEAND Ad ‘VGVNVD ANV ‘SLUVG ONIATLNGC ‘SALVIS GALING) AHL NI 


ONISAANIONY NI SHAADAC TVWNOISSAAOUg LSUly AO S AOTAHOVY UNV SINAWTIOANY ALVAAGVAOAAGN!) AO AYVAWNS 


Il ATAVL 





Se OEY EN I IRIS 


A aR RR oA He 












































a 
Z ) ) : 
| _ 9s | a —_ tFI'l sort. | Zeer OFI'z ze TeL's I 1 ee Vela mahebes piace ES IT “Arup 
= 76 ai £71 = Sit | @bl | Itz 997 8 SSo. = Sw eas Pe usa}SeMYyYON 
al zss't £1 me oe | 9LZ 96f | 89¢ | 16¢ Lil 606 $ £ eet eal pee te yoo] “ISU “TIT 
S ort eT we —_ £2 ott tor 10e I £08 — (4) fe! ee As[peig 
stout] 
~ = — | =~ sel sLt L7Z £67 = £es8 — ett eq ag 2 ae oyep] “Atuy) 
oyepl 
z i a = = $39 £99 $SO'T 6FF' I IZ brs’ z 76F Fe <a gaan asbesk ha 
| BIZI1095) 
2° -- —_ | gst — 08Z ore o¢s 006 Z s0z'z I en, Shai IH BEE ESS Aa 8 epuopy “Alu 
e BpHola 
=< — Lik? — _ It £01 | €€I 6L1 6 1zs I OL Teeeeees ess s -oremeped “Alu 
) aIBMBlOG 
Ss -— _ —- It 061 | LLI gsi _ — 99S — £1Z 8 ee eee 
a _— _ —_ — | LST | £81 | €7@ | €2¢ j— ore tr - oe, eS See eee uugod ‘Alu 
fa —_ _ — | = £9 16 6tl | bz } —_ Les male 9 ee ete prend) eC) *S *N 
| | | jnonIeuU0D 
O +I €1 9 | — 6£ 19 | SZ 801 | ¢€ ata — zt phe aa ee Ore Jaauaq “Arup 
4 +96 9 ~ zs bre 6S$ 969 | «ol8 Sz sse'e z Ch) Sl CECE oJOD “alu, 
= — — — — | 7st | P€Z 08Z SLE | ¢€ | wot | — | OMT BS 62 ENS 88 6 te saul, “O[OD 
= _— _— — — | BZ | It 161 | ite ee — 1 @ (eee: W 2 “V “°]}9D 
62) | Opei0joz 
= LLY z8t — — st¢ | PLE | $91 | #ST | €1 yor | — £7 Berth Pak © ae JITED “nog “aru, 
Z 5a 61 ~— any 866 | L66 | S&F | 9b | 92 THS'Z £ eal GAO RP eS BS. >: vyTeD “Au 
a eS = — -— al | S€I i — | — | — BLZ, — 66 Frage SA eee WS Od TRARN “SD 
—_ — soa ~- 097 | 092 OFZ | LSP | 9 lizt if Ost oa ae en re 
Z —_ = = — 9s 16 | £2 It! | = | oe —_ OPE er: eee eie[D eIUeS 
a — _— | _ — 06 | 98 OL | Sst ; — | Ter ; o— +9 Bega yoey “ye 
r. | | BIUIOTED 
s _ s _ _ | S€z 11z | 7ze | see 9 | sort | — | 901 pretcesansesee steam yay ‘atu 
sesuvyly 
as _ zt — — 6SZ StE | 1b | 199 or | g0z'T I €Il Jeceeeceeeeee es ste zuy “Alu 
| Buozuy 
~ zI0'r z — — +61 1Sz z9¢ sip | SI gIz'z z | ae Srababaadas hoe. ery “Amy 
c —_ L 5 — SOP res FI9 | SUTEE | SF | 799°Z = 062 a or ee AlOd “PIV 
> : Bureqely 
ro) | :S[OOYIS Poj}Ipel99"8 Gdoq 
- (er) (z1) wn ie] @. wet wt | - eT we] @ fw ft (1) 
squapnis | | | uamoy, | uayy | uawoyy | ua | 
squapmg | seq yepedg|_ WesBorg | winfnoiind | 
gut aateiadooy | ‘*IA-¢ JO ‘IA Wb | ‘IA ple | “1A puz | “1A 4ST 
uTu9Aq pue 3A 1s an et 2 é& | 72 ’ | 
oul [-3ed TeIOL 9S-SS6I | uoInyysuy 
| | | petieyuoy | 
SeaiZ9q] 3,3uq 
OS6I [ley :aeI8aq Zulissuisuyq Ysily Iey] JO; peyjomuq saqunyn wy JO “ON 








IOOHIS AM ‘OS—CC6] NI GAAATANOD 
SAAADAC] ONIAAANIONY LSUIY ANV ‘QC6T ‘¢ AYAAOLIO AO SV LNAWTIOUNY ONIMAANIONY ALVACVADAAGN)} 


& Ill ATAVL 


62 












™ 
N 
\o 





N 


eNSo © 
N 


— 


NGINEERING ENROLLMENTS AND DEGREES, 1956 


~ 
4 


I 


S 2 ose 

_ | . 

| ona one» 

| 69T - 

| bE = 
Bas = 
— | ¢ 
_ 1 

i am 2h § 

= oe 

— 88 
— I 


O8F 


ore 


eel 
9Is 


€1z't 


77 


i 
LZ 


FOZ 


£77 


ZOF S 
blz t 
76F | Ol 
TOL 9 
FIT  : 
s7s 
866 LI 
zes_ | s#S 
FOL | zt 
6LL 9 
£0L L 
80s Be 
267 | — 
60¢ or 
002 ol 
008 | $2 
£79 1Z 
10 | cal 
=— | - 
SSL | #1 
1¢I its. 
LOF € 
Wz 6] (Ue 
Sze — 
090'T SI 
6St I 
S6l I 
769 t 
00F ¢ 
679 LI 
76 6 
677 _ 
£6l'l €1 
6tl — 
L66'1 oF 
bib — 


ort 
TZ 
78e 


tL 
888 
17Z 


mee" "C77 9S) “ATUL “Yse A 
- *AlUy) SINO’7] 3S 
"** "ATU ‘OW 
it ie soul “OW 
noss1j 
“Sst “ATUL) 
edie 19D “3S “SSHIN 
1ddississijq 
‘uur, “ATUS) 
BOSOUUIW 
0 ee “ATUL, GUAR 
Jrtreeeees eecees “Yt, “ATU 
[reese eee eens “AlUQ) “IS “IDI 
[reece eee eeeeee "LW WIN 
| reeeeseeees Marg jronaq 
westy ora 
seceese teense 3489970 


Be ete ee U1OJSBIYION 

SASS I He yoa | “IsUy ‘sseyPy 

|oseeeeveveveenes “yo, [amor] 

[rvs serene eee eeeees paearepy 
s}Josnyoesseyy 

[ose e eee eee eee ees ‘DW ‘ATUQ 

Tes Pe es ae *surydoyy suyof 
puelAreyy 

coe vee eeeee ee gureyy “ATUQ 
eure 

eee tewkde wesdee Rae See auryn 

Josseeeee “rs \suT eT MS 

by sss bul» 4.6 oil “AUD “3S "RT 

Jove eeee ees eee RIOT “ey 
} vuvIsINoOy 

ap eee ee er o[[tAsino’y *Atuy) 

tee ee eee ee he fea saTuq 
Ayonjuey 

a eh SUIS “Atus) “un 

RR Rte ‘ATU ‘uey 

whe aoa. an - 109 “Ig “Uey 
sesury 

me Se Si BMO]T “ATUL “3S 

nike ++) OF "IS BMO] 


vuvrpuy 





Mar., 1957 





SAAYOAC ONIMAANIONY 





"IOOHODS Ad 
LSUly ANV ‘OC6T ‘¢ AAHOLIO AO SV INAWTIOUNY ONIVAANIONY ALVAGVAOAAAN YG) 


panu1juoj—|]] ATAV] 


Ni GHaaoHANO’) 







































































° 
Zz ; | 
a — — — — 18% 819 sss PINT 8 | 990'¢ — SE ri rar ee 8 2 oe 19D "IS ‘O “N 
os _— I _— — $8 S6 Stl Sst 1 | OL — ree Alu) a4nNg 
off Buyor’) GON 
2 — -- — _ SI €l LI 0z _ $9 _ Ob. .fisoiperOt See qq? A\ 
sol 6 _ — +9 6L raat oll — gbs — me Rees ass eae eae oD uoruy 
—_— ~- - _— ofl Lbl 891 9£7 or LL9 _ a Oo eee ASNIEIAS 
09 — -- — 6£ 89 zor oo! S t9E -— “SE eee oe Jajseayo0y 
z 9s I — — Lz Its 0+9 6£L ¢ 109'Z _ Sth ine gt ties Chi argesn Jevjassuay 
Oo _ 8s _ -- 9S +8 ofl OST ol | 89% —_ ee ee Se eg 
a £16 61 _ — 09z SLZ 1Sz 10 9 | e107 | — ore nti 
= _ £ —_ — z6I 197 07Z Log — 686 ~ RD Meee uejqeyuryy 
< “= _ a OFZ bo fre 19F 199 €1 | 960'r | 1 eins ada Teus9D 
Oo PLE — — — VL 82 sol 901 a | €7Z , % £6 uolup) Jadoo) 
5 _ -- _— _ 6LI zIz —_ — t | £8 : ee oe ee eee eee eIquinjo>) 
Q — ~~ — _ 091 102Z 8SZ 61F, — | s€o'r — 971 iepaeers uosyIeI) 
a lis‘! — _— — SLL £69 888 TeL't OF | gss‘s z es ae ren A‘N JO ‘1199 47D 
F£o'T _ _ — 97ze 68st PLE S7F — StF — i Sake abs - Ajog uApjooig 
O _ z — — os 6S 16 LL cS PLZ 1 me pues testerrigas e. > er 
yIOX MON 
Ez — _ — — LUI sal soz PSE ial Ses I ce | gpsee tere eae “AIUQ) “X98 *N 
He — ZbZ — —_ zeI IST LIZ LS7Z S +66 — RR ae, - W 3 ‘V “X®W 'N 
Oormey MON 
— _— — _ PL LLI 18Z tre — 9L6 — ey ieee cr. cera SU9AdIS 
Zz — Z — _ 88 6Il LST 767 9 zs9 I ae terre eee 8193jNy 
o — -- — —_ €1l LEI ofl 691 — 6rS — Ce peembete ee cro ik u0q@UL 
> LEz'T I — — L872 ose te Ott 97 0s9'Z I ee. eh eee ponies 2 es 
) MON 
y — — _ _ SIt zel £61 67Z t $99 — SRD ie eh eee: dwey May “Aup 
oe, —- ~— == ze se 09 +6 zsI — £0F _ Op erss’ eee ynowjzeEd 
Oo alTysdureyy MONT 
_ — — — Ls 86 61 siz t S8t - ae | Beet Fe OS tree epeaen “Arup 
ia ; Bpeaen 
< _ _ -- — 991 6L7 Zit 98s 9 Ler'l I NS aa ds “IQ2N “ATU 
z BysvsqeN 
a —~ — — — gst oe oo¢ LIt s 901 | — EE ee 19D 3S “UO! 
5 - -- _ -— I os SL 88 — LS7 — AOR sie Soul “UW 
° BuBjuOW 
o ——— 2 eS 
(eT) (z1) (11) (Ot) (6) (8) (2) (9) (s) (+) (¢) | (z) (1) 
sjuapnis UsUIO MN us UsUIO AA | ua 
sjuapnig | Aeg fepeds weiz01g wuinynowing / ; ; 
sulueaq pue aATjBIIdO0D | “IA-§ JO “IA UP | “JA PIE | “JA PUT | “JA IST 
awit, -3eg jO°IA YS 4A YI [210] 9S-SS6I uo1nzysuy 
pasiajuo>y 
SeviBaq] 3, 3uq 
OS6I [1X4 1 90180q BulssveUIZUy ASI Jey] JO} peyjoruy sequinn | WIT JO "ON 





IOOHDS Ad ‘QS—CSC6] NI GAYNAANOT) 
SAAANAC] ONINAANION LSUIY ANV ‘QC6] ‘¢ YAMOLIO AO SV LNAWTIOUNY ONIAAANIONY ALVAGVADAAGN () 
panu1juoj—|{] ATV 


ce 
N 
‘© 








nN 
N 
© 


ENGINEERING ENROLLMENTS AND DEGREES, 1956 


Mar., 1957 








199 


1o¢ 
O7t 


687 











~ 


¢ 








Sti 
69¢ 


Ort 
06! 


r6l 977 0 
79F OLS 9 
18Z ez¢ | § 
£9Or Ore 6 
797 Olt £ 
StP £e8 

FIZ $67 

661 S6l Ss 
OL 98 I 
6£7 767 

vtl z61 1 
Sz $Z £ 
98F 66% 9 
£6 68s‘ 8 
7zt 79F 

6LI 8b7Z 

1s StS 0 
S87 967 I 
IIl 8st S 
97ze 809 9 
€LI $9Z + 
909 LE6 z 
67S 06S I 
bbz #Se ¢ 
9f1 Lge € 
6SI 8SZ 9 
£87 998 0 
00L 8t0'T 

zs Orl ré 
€£Z 092 Zz 
oo¢ bit + 
6tf €LE 

801 LSZ 9 
691 6LZ I 
797 $97 











ate 


lee 


| 





cTtter PE 


| | 








Ferree sess ss qnquapue, 
Treeererire uuay ‘Au 


eessouue] 


Bares sn rencaney 1109 "3S ‘Aka ‘s 


ses Ogee gees 
80x" WINS 


Jos becsecvececenee te ay "9 ‘Ss 
veaeecteasemaeeehe uosuiey) 


heanade mane [apeiwy 


BUTIOI’D YINOS 


seen ee eee eeesereeees uMOIg 


pues] spo"uy 


- “BAOURTIA 
PPPPReT rere ricer: © eq "AU 
ercereeer ret ae aoulyeMg 
TTT eer y3angsyig 


Fees e ees ATE 9g ‘eg 


OUP Oe i yaya] 
haw oes "8s *aqqaARyey 


Ye ee ee eee ess axaa 


TREEUEL TOTS eee a1ZauIe) 
cwccsce 0 000 5.4.5.6 ee 


BiavalAsuueg 


USVET TT Tt. 11D “IS UOZIIO 


03210 
eee Pee ae a ew esiny, 
“+e eee “see sees “AIUQ) “erIO 


betes seen eee s se 29 Wy RIG 


BuoyeTyO 


apn 2. 
****YO9], JO “ISU] BOM ITY “S "D1 
Me tr ) woptecy “Aruct 
sekesshs secede Loare 
shasetas toa aan, OD 
Pokal Oho nee amen a oD 
Letceces sees eigen aaa 
peaaveséaete cae go) watn 
Saws Leseecocee + amma 


ormoO 


Jocee eee seen eee Alun “A8q “N 
Bi “JOD ‘By “Ae ‘N 


BOHV™ YON 





SaqaaDaqd ONTAH? 


panuyuoj—]]] ATaV], 


"IOOHDS Ad ‘OS—SS6] NI GHYYAANOT) 
INIDNY LSU GNV ‘QC6] ‘¢ AAHOLIO AO SV LNAWTIOUNY ONINAANIONY ALVAGVAOAAGN () 





. AN GI ~eentomts ® oP 
EN NOTIN LETO BO A Saal lee nailed a 





(2 RNa Fiance 






























































x *SS6I 0} JOlId Ajazeredas paziodel aiaM YOIyM sesndured Avpeyieg pue sejesuy so] ay} JOj Beep Sepnypuy] _; 
= 
Zz ] | 
A £S6'£7 8907 | FLT ZIZ'T oro'ge | BLS'6E | E7HSF | 60F'99 LSUT | 909'STZ VL sixth es eae sjooyps TdO7 [F301 
Tr — SS ee Se a omnes 
<3 = mr | = “a | £6 78 Zst | 8Zt L 20s | — | 6F | SS ES EO SIS) 
> | | TBAB 
= st - i tI 6 | OZ | $8 | Z | tT = oe eee “** “eysepy “Alu/) 
| | | | | Bysely 
— — — | — | | 09 96 | 1€Z | 9 €et {| — Oe Sn ee mee Alu) psemoyH 
Zz — | ze —- | _ ef | 26 | 39 | #1 =| «(9 7 m Pes setites ATUL) "YSeAA 094) 
Oo cL | 91 — — ee | $s | @8 09 ~~ | tz¢ } <a ee ie | eee Atu/) 21042) 
= BIqUINI[OD Jo “IsIq 
= = I = — etl zst 991 08Z ee. | OTL = -— sc le ofM “ATUN) 
< | BurUIOA 
oO 907 6F | = | are | O9S ZL | €10'T 9LP'l 1Z | L00'F Z | 0O£ es git. IST “ATUS) 
~ 98S zt = } — |} $&7 977 | L972 69 LI 8L9°T Lf Lst ooo eee * ‘ayenbiey 
Q | | UISTOISTM 
= Z al } = = | £90 | ote | 6Ff Ll¢€ : £ eo <a — sZt TC eee Atu() “FA “MM 
| | BIUIZITA ISOM 
Oo i = | — It | 9t LLI | 667 Is¢ : = 6 | z sit ct eS a ee H9D “3S “USPM 
Zz = = a | 8st | OIF lt | 69F an a 6st'z | Zz ee yse “Aluy) 
= | | | | | uoysuryse mM 
fx] a a } —_ esas Lut at | £17 L9Z, | ee OFL if OL See a °c * **ATUL) “BA 
fz] = | el } mont _— 6st 66S | 006 czot | 6t roe = LIZ i oe a AlOd “BA 
7 = = | aa - SL zl | zut bLI . eer .. a oa Oe SUT “TN “PA 
S | BIUIaIIA 
O a | wat om a | €$ | 9£ | etl oot | 9 96€ = ee Wea ines ta JUOWIIA “ATU 
7 — | =_ ae —e. 6b | 09 89 rer —=— ie | = = «Sinker YOTAMION 
3} | | JUOULIBA 
atl —_ } — << £67 | 9SZ | 60€ 87E I ssur | = —. ia...) ee Yer) “Arup) 
= = —_ = = 98 | zet zor LIZ = L6S an OL ee es 19D “BV 3S WRI 
o } qn 
" = = ee an ZLL 866 zzs8 198 91 Lev’ if ole gue ATU) *X9L 
_ OIz = aid me Zl 88 191 Loe l Tes = ee Ma ea eae UIIISIM °XOL 
< = | <— ee a oe Sep fs £62 9 1or'z = al EE en HOD “Yoel *XAL 
Z — | — — _ | “gs 06 £61 $@Z — sos | = LE Baas 7 Ak ence I 8 °V “MOD “xXeL 
= <— L | £6 | = | $6 FOI ost 661 Z 90L | = a4 ‘Seba GIP Wey Nos 
1) sl —_ | ae | LS S6 sol 88st 77 st z99 if 09 ee | eee on 
© = 91 _ | 6 9LS | $8s +09 787‘ I a a ae PS eee W 2 °V *X8L 
= | | } sexo] 
(€1) (z1) (1) | (on) (6) | (8) (2) (9) (s) () (f) (z) | (1) 
szuepnis | udsIO A us UIUIO AA wa | 
sjuapmsg | Aeq [epadg| Weaso1g | CARIRARD | : | 
Burusaq | pue aatzered00) | “JA-S yo | “SA WH | “FACIE | FA POT | FA AT I 
| ouppareg | JAWS.) “4A WS | | TeI0L 9S-SS6l uornnysuy 
| | | peLieayu0D 
Svaideq 3,3uq 
OS6I IIe :90180q BulIvsUIsZUY SITY Jley], 101 payjoruy ioquinn W4TyJ JO “ON | 
IOOHDS Ad ‘OS—CC6] NI GAaYNAANOT 
o SHAUNA ONIMAANIONY LSU ANV ‘QC6] “¢ AAHOLOO AO SV LNAWTIOUNY ONIMAANIONY ALVAGVAOAAGN () 
So panu1juoy—|[[ ATAV 








631 


ENGINEERING ENROLLMENTS AND DEGREES, 1956 


Mar., 1957 


*D}9 ‘BuLss9uiZus Jusweseuew ‘Burs 
*901Z9p §$,10}DOP & JO} SJUSUIBIINDa1 Vy} ULY) SSI] IN ‘seIZap S,JaIseUI BY PUOAG YOM Bul 
‘ddOa Aq peAoidde Ajjesytoeds oq Jou Aewi JO ABW WIN;NOTINS yons 





































































































UIBUD BATJEIISIUILUPe SapNpouy] ¢ 
bel saaidep BuLsVuUIZus 19yY ICO) ¢ 


“WIN[NIINS UIAIS BuULIayO SfOOYISs Jo Jaquinu vy} 0} Siajet SIYT 1 





















































} | } | | | | | (epeue: ) pues ‘f9) 
87S | 6F6'Z SI | 6st’s; — | OF9 | 9 | 662 T | 'Sz oy Set | S€z'tt | ssz‘tt | O01 | O6F'7Z! 02 £s9" ¥ OFT ; ‘TOL puri 
— | sé —|se |—j|oz |} — | — |—}|—|—|—|{2z | ¥1z —jote it jee | oF $1004 1S ULIpRUeS 
87S FL8'Z SI | bse’e| — | O19 9 | 662 1 | 16zZ | = Set | S€z'IT | THOTT | 001 | bLVCT @Z| 6t | OLS" 5 | | ee ee SJOOYIS *S° a liv 
_ z —|z —|— — | — |j—}|—| —]| —] eer Sst [= £87 7 | 7 | oF La ** *sfooydg *S *f 49410 

ee a a ey —_——|- Eh tet BI ee ess “a | —— ee 
87s ZL8°7Z gl | zse’e; — | O19 9 | 662 | 5 Se set TOU'IT | 988°OT | OOT | 288° 1Z| Al 97S'b | = BT ‘soepees “dd. 2 | 1901 

——— |---| -- - -| = | | |_| —_ |__| ———_—|\—_|\—]- ee el iar CR NER ELE — 

8 9LI Zz 7st ~— 3 5G — = j—| — —|z £97 | 86£ |Z | 6s9 le se 
a 87 = ie ag id ans —_ — | asad Pa — | = PHT'T =| «(EZt | LZ gl ipo } eC 
= s — 1s = — i = a) — Po ae EE 1Z ¢ 
z LZ | — | 62 te) Het! 9 —_- | I — |Z S$ | $Z |— 6. ;} — 9 oI 
- oT -_ oe a —_ -— eagle Ps = — ze | Sel I 691 = 199 et 
= — a — =aeoil sa TZ =! = Te = | L2 — Tie og £ 
— 9 Te ome tS = an rls | ia — s # 6F ea | OF i= 19% £7 
tt 71Z Z SZ =a 4 == 6 ed = 9 60f 60f 1h pee 3 8 wet It 
Ts zee b | 6LE i) oe = | 8 ams ec) - 1Z Z8L'T ssl |9 @ | 9EL oot 
It Zs Zt | 96 — i ae = } @ (=< 2 eer | tze 19 870'7Z | — | 6€£ St “ [eushpuy 
on t — |> om I omnis — oon ion _— one L | €I |— | 0z — 19 ¢ pee : exategdoes) 
6 8I — bee 22% T -" : =) = a LI | 98 | 3 zol | 8 ee 4: f * TROIBOJOI) 
— FOr <= Troe se bh — | = — = 2 see oft ss¢ | c Uae | $s tl ‘**Supwoursugy [essues) 
£ \ Se. = 13a —_ Ll — | _ — _ — it 79 89 - orl | — | 8P SI “<"soisAyg Sulsoursuq 
ol |; tt 1 = Dees —_ 91 _ } — —. _— — | Zl 1ZZ $ 67 — |¢9 ze Peay Sulsveursuy 
807 | Lt | ¢ 786 — eee | = } OS | J 6F — 1:06 778'¢ seo's LI | OF8°9 £ er) woe ff ee [P9141}9974 
81 TZ Zz LSZ = 6S — zt — | oe — 7 oe 708 98h I 8 |O8sz'z | I £08 | oS |. ae THAIN 
16 | Tes | if 179 = hess | oi | T¢ — T¢ _ Z $e8 €ti'l LI |096'T | € 6¢s | nn Se yeormeysy 
— ze | -_ ee me es _ £ 5 somal I: os 1 = | 9S tT |ss | | 87 7s |}. | oe JTUIe II") 
— | ee = = = = oa 9 —_ , =o = ie. = | OF — foe came or *TRANVVPYOIY 
= 6£ |—lee |—|o6 | — | — pee & al Deak Ft | gel cers gh. RRR ithe “yeany}Nosy 
£F ett | Z es oF — | @¢ fees 6 sie £9¢ | OS s 798 £ | S6r of pct" * *eonneuolry 
| _ | | :ddoa 44 
} | | P2}IPei298 SjOOYyIS 
| —— |__| --| —__| —_____| —______|__ | |__| _______|____|__--—_|-_____ - 2 — 
(Oz) | (61) (81) } (ZT) | (91) (st) (+1) | (€1) (z1) han | (01) | (6) (8) | (2) (9); (s) | @) |] (@) | (2) (1) 
SUL | OM | UA | OM uray | eutE OA "OM | Us 21K | "OM | UIA | OM | VAN 
sjuep “eg | | | sjuep ye | sjuep 
-13S pue | -n4Sg pue -nis 
Te1eds | oul Teedsg | swiy | San wy jereds 
pue LU | 9S-SS6T | ue ny 2 | uy ul ue ny ) 9S-SS6l | Je | 
Surusaq -stapig | P30. 3,3uq ul | suysaasy ‘squspns | wIoL | Pettejuo) aupeeass | sqltdig Te90.L 3,3uyq Ul ‘> On | 
Aeq | perajyu0g Aeq | ,S8ee18acy | Aeq pesayuozy | ? N | 
—| saeiZ9q paichapaainal je10w0q,  |_— S$90139(] 
9S6t ITPA §4OWOCT] | OS61 iP +259e439qq [210390 a 9S6l ITP 
:991IB9q] $,10}D0C] BY} 1043 jo "ON “31g ayenpeiy-1s0g yD =| “PP4IN-380¢q | : 90139] SJeISeYY 9Y} 41043 
pant. Me ul peTjoluy Jeoquinn 40} YAO AY Ul Maiti c| estas jo °ON I YIOM Ul peyjoruq Joequinn 








OS6I :WNITNOTANND Ad ‘VAVNVD ANV ‘SLUVG DNIATLAO 
‘SHLVLG GALIN() AHL NI ONIYAANIONY NI SAAADAG] GNV LNAWTIOUNY ALVAGVUAS) AO AUVWWAS 
ATaVL 
pe rr — —E—E—E—E— — — 














































































































Ce 
C} 
Z 
| } | | | | | | | | 
5 — — |}—-;]—-]-|] — — —- }—-};-}|}-] - — | — |r en. aoe t atk se oyepy “Arup, 
ie aa | ouvp] 
iS — | ve it jee | —|s _ _ —j|}-|-|- _ sel — |se1 a TOR ee ee yor “BD 
S | tole | 8181095) 
— | 6 | — |6 —|5 — 9 | —|9 —/1 — | vs t les — | ¢z “+ epory "Aug 
| epHoly 
2 ZI ul |—|lez |—| 9 _ _ — | —|—|— | zo | ef i ¢ im ad Bi bee ee aeMejeq “Aluy) 
| aIBMBPOG 
° — | — | st —| 91 _ _ wag ead Pos: — | | €8 | — |jezr | 1 det eRe: Ay) eA 
E _ — —|}—|— _ _ _ —|— —}|— SL | gt | — 196 2 Se eee. wuod “Alu 
< | | | | | jnoVvVeuU0D 
— — — — _— — — — a _ —_\i— or 6 — |6¢ —_|— ‘*JeAUGG “ATU 
S —- | £ | he Th —|15 9 — —19 — 1S ogt |g 1 Oz a tt a eae “*OJOD “ATU 
a =. Lae l~ ie oe a = — Sat at Be = aS | —~ = (SE oes ee SeuIW, “O}OD 
a — |¥% | — |¢ —|—- _ -- —|/—;j;-|- — +f | — |e we) WE eee WB ov 0109 
| | | | } 
oO —_ se — 135 a — — Z —- 1 4 — I 7st £0L | ¢ oss — ae eo "" "HRD “Os “Atuy+) 
4 - | $07 — 1907 <a 0z “— = = = — z — szs + Zs if Ae MRR JTED “Atuy) 
ss - + % —|I —|— ~ _ —|};-—-|-—- — _ St | — |st ot LSS ent 4 YS Od TRARBN 'S‘"O 
G - | 18 — 1 = 6l = Te - Te — tI ~*~ | SIs im igs game "Sl Be eee Psojyueis 
ea} - | S$? — 1S — | 7 ma oF = a —_ el L sol ce ies 1 oe eee Y2L “HIRD 
i | | |_| mist be ae. ta oe ert Bae bar, a 
J svsusyiy 
S 6 | Of — |sz —|- = | ta |}—|— — | _— OI oll 1 ‘isz a ee aa “* zpny “atu, 
| wuoziy 
35) — | = —{—|-]|]-—- _ — |}—-|}—-|—|—/]oe 61 — 68 vont Mek abides Sx ery “AQ 
&, = | — —|j;— _— —_— — — — — a — — #7 i= |e — 19 poses CoS Seeman AlOg “ey 
eo) :S]Ooys poz one 
bad | ; ea cows j qs perp 8-qddo0a 
4 (61) (81) (£1) | (91) | (ST) | (eT) (€1) (Z1) (11) | (OT) (6) (8) (4) (9) ($) (#) (¢) (Z) (1) 
Z auty =| OM | BPW | OM | UA aut OM | BW | OM | WA auy =| OM | UPA | OM | U8 
> sjuap -yeg squep “weg sjuep “Veg 
} “nis pue -nIs pue -nig pue 
= epeds | owt jepeds | sump J Tepeds suit 
ue “I pue LAR: | OL —_ “Thal 
suebe ee 5 TRI0L 9S-SS6T | sviuaaq |‘squapn? . py gid Suruaaq |‘squapn3 TRIO. 9S-SS6I 
JUsAT PMS JUsAT pris a yUsAy pnas 
Ae 3,3uq Ut Ae pazsaju0-) seq 3,3uq Uy worn} 3sU] 
pesiiaju0d s90139q paiiaju0d 
saai3aq [e10390¢]-31g s9o139q 
8.10390] 4 naan $,J9}seyy 
Ose ea jo "ON OS6T RA 7 18920I8aq] eIOOq =| “PEI)-38Od 9S6l ea 0 “ON 
:90139q] §,10390q] ay} 103 - -d1g dJeNpel4y-3s0g 12410 jO°ON 1 90139q] §,1aISePY 2Y} 1043 . 
AION Ul pajosuy sequin JO} YIOAA UI payjomug sequiny AOA Ul peTjoruy sequin 


N 
faa) 
\o 


























OOHIS Ad ‘QS—SS6] NI GAYAaANOD 
SAAADAC ONIMAANION ALVAGVA) GNV ‘OCGT ‘¢ HAGOLOO AO SV LNAWTIOUNY ONIMAANIONY ALVAaVA 


A ATEaVL 








ian) 
io) 
‘© 


ENGINEERING ENROLLMENTS AND DEGREES, 1956 


Mar., 1957 

















om Lis. | } — |j—-|r-}]-l] - - 
—| — Sed Bo |  - |—| - _ - oz 
— |6 Sh L “ ies an omy lacks wks i 
—|% ot Bh eee a Bee, Re Sie AE 
BE ice ti fe ee eT = 
=J=J=}=]) =] = J=/=/=] =] 5 
— | 01 | - wz | | = \—j|—| - ioe - Wee 
| | | 

— a oa _ 2 ; — Fae a 
— Tae ee | = . _ = a 
— | —1 9 —_ | = - : = om ee 
eter | ee iti eae |e 
9 ee be Be be a Bad Ca 
-— — = a — } - - | o_ | — = } - 
a oS P= = - - iG —};—{/—;—]| - 

| | | 
—}|—/-/|/—] — | = |=|=|] =| = | we 
* joe | — | ee | zt | t | owt] — | 19 - 
_— | - _— _- | - _— Ss | — | _ — - 
—|86 | —| st | - —|-|- I - 
| 
| | | 
— | o —i Pf ¢ - —j} <« —|-— - 
=o. =— Te, Aehsert@lt fee - aah Pps +9 
| | 
-|-|-|-| - | - |-|-|-|-] - 
—|;-|- — - — |—| — | —j|-— | 81 
={=/=}=] =] © j=fery=p=]"™ 
| | | | 
= ls i 2 . = =| — ] * tt 
- i¢ - — | = | « - - _ 
saa RE - | oom ws - _— _ 99 
—|a |—|]1 |] - - . -|— 14 £6 
_ t ; | - - - _ - - 
| | 

—ige ii? | |} = —|-—]|- — - 
a1 4 | = = ¢ a a ; 
oS eo eo me Fae S ad eT ek ee 
—|s6 | —| : - —{|—|]-|]| - - 
— ts =) = - . = 1 = _ 86 
eS Be If — aa — 1 Te ¢ 
— a ait ae > - ah} i= = tOl 
[is |=} 6 - : ~—|- = - OIF 
— | _ | —_ — a _ ! — a. 8 


7Sz 


bol 
Siz 
of 
oF 


NH 
Nn 


"*(77 IS) “ATUGE, “YSeM 


‘AlUL) SINO’T “3S 
-ATIEQ ‘OW 
‘* SoUulPy “OW 
Hnossiql 
re ssrA CATE 
ala 19D “3S “ssIW 
Iddississtjq 
‘eos UAT “ATU 
BjOsouUTy 
‘s*** "ATU GUAR AY 


Lee es -eAIET Sg ERE 
sree * =" WW WI 


“AUS 30130] 
UBzIyQsIW 

es 3) 2 ** * 19989010 A 

"* "Sse “AlU—) 

eas U19}SCIYION 

“yay “su ‘sseyy 


yoo], [Por] 


pawarexy 
S}JEOsSnyIesseyy 
renee es DA AI 
**surydoyy suyoft 
pusyAreyy 





reer ees gure “ATG 


eure 


$05 0000s spams aueln 


“ATUQ “IS "RY 
BUBISINOT 

** “aqtAsinoy *Arus) 

é soe oe Ay ‘AlUQ 
AyonjuUey 

IM “ATU “Un 

*“aAluy) ‘uey 

"OD “3g “uey 
sesuty 

*“BMOT “ATUL “3S 

“ "JOD "IS BMOT 
BMO] 

ee eed Ajog as0y 

ere: anpang 

“"*guleq] 21}J0N 


r 





“Yay "3SUy “TT 
Cae * Aoppeig 
SIOUTIIT 


Us2}SaMqON 





IOOHDS Ad ‘QS—CCG] NI GHYAAANOD 


SAAYDAC] ONIVAANION7] ALVAGVA‘) ANY ‘OCH] ‘¢ AAHOIOO AO SV INAWTIOUNY ONIMAANIONY ALVAaVAy 


penusjuoj—A ATaVL 





ee eee ere 




























































































Ans arate bata ana 
S 
a | | | 
al an we va ye het co. po Ps pa | — —_. pune | callie: waaik zI | — lizr hee ¢ as? ee qqgeM 
+ — fT —f— | = —_ = = | aul be Stl — |9t [er = Ee prescese se ee ees 
= a —a te a = — po OS Its 89 | — |6zs ae eee eres = QsngeItAS 
S 2 Mi age — = —s Ay ys oa a If Z . ir = te Paget gl oss - + gaysayo0y 
¢ 67 — | — 16 = —_ —={—i|— | — | 06 Stl — |se9 — | 6F Horeeeeccee ss + Joepessuay 
ole ae ae |. ee a aa ce fs aan eee 7 ae 1 no ae See Perret neg 
Lun] el hee ft 28 > — oh Ss eee — | 9i8 99 ¢ Ue y (Ot ft eee 
Z. = 6S ban “Geog 5. = S ae Sch Dien: —) 08 — |08 ' if OR Mii ocys [peus0y 
oO = 8hl | ¢ OFT _ Lt | = _ —|—j|]-— £ a | Tes |b jLLS I <a ERR Re v5 Biquinjo) 
YL = os | ae fee 1 oe = Sa coe ot ae a ee e } | =< fe 22S > aa eaiabiares “++ Yosyaep) 
> ee F cae wi fecal aie ies: SS A |) oe | 61b — |z jew | — fee [ott ACN 3O"TIOD 47D 
< bor | OF e ios | — | @ - — |—|—|]—] — | zr | ee mm sti me tae. [og UATOoIg 
O — I —|I j— | — — - —;j;—/|-— _ — tI —- |b — |F* i tad Reel peayy 
=) yIOX MON 
QA — s = Ts —1 = = = coq! Mise} bes = 2% 787 << 1080 See Te "8" ATU) “XO “N 
[x] - _— —|- —|— — — —|- _— —_;j; -— 101 = het a A he Sa W 3 “WV “X?W 'N 
| | OorxeyW MeN 
O ze — | = |e —}1 | — | = —|;-|- — |96 | — a. ae We oie SU2A37S 
Z oe: te t | % — 1.2 — ) oo —|-— | Bo = 1 £7 ee | MR oe: Se eer SI9BINY 
= — | £ — |Z¢ — fs -— = — j—-}]-lt- — — €L — ee f — 16g = [otc ae wo oULIg 
= — _— —{j—-;-/|;—-}] —- | - {- | git! Geaae Bess ZL =  S¢ Bee fo Pee oft ****** soe YIBMIN 
Pe | | kassef MON 
— — }— —j|- _- _- | — i— — — | _— — ' ¢ — i¢ | = 6s joc durepy MeN ATU) 
Z asysduey oN 
O —- | —_— | — | oe tees _ -- —_—_ i —_ — _— _— ol i — iO} j— | Z ee Ss “**"BpBAGN ‘ATUs) 
+4 | BpeaeNn 
~ on a one — — _ — _ —_ — }j— — LI — ILI ae Ee eee 4IqgeNn “Alu 
> } | | BysBIqeN 
om =5 9 | == Fo sal _ — ae. = 7 = LI == iN sem ete es ae HOD "3s “JUOW 
Oo = = ke Be fa — —|— — 7 _ 1 — se Bas 2 a Oe soul “UOW 
| | al Ls | | | | vurjuoW 
eeErg Picraan A Sake Ee dah, eo 
s (61) | (81) | (21) (91) | (ST) | (#1) (ft) | (zt) | (tt) } (ot) | (6) | (8) (2) 3 (9) (g) | (#) | (€) | (2) (1) 
Sete eet a = BS i aaket ERE DA ae 
= auyy =| OM | SAT | OM | FO | awry | OMA] UPA] “OM | UIT | 3 aut | "0 OM | bated | | Om | Us | 
=) sjuap -yeg | : | s}uep -ueg | Sjuep “weg | | 
© -14S pue | } -n4S pue | } -mqs pue | 
= je1oedg auty | | Teredg | ouy | yB1veds oul yy 
ue ny ue n, ccc | ue ny . = 
sipebay hswaptg | JeIOL 9S—Ssol | sapeoag > TPI0L it suluoAg ‘susptag eal 9S—Ssol p 
Aeq | ee | Aeq | paiajuo; | Aeq 3,3uq Uy | eee 
| pesiiejuos) | : 1S9918a(] | petteyuosy) 
$99139q 1e10190(] -8.1g sseizeq, | 
. $,10300q “peix)-380 | Stowe 
9Sel IPA Jo°oN | 9S6T TPA +1S90I18aq [210390 lee Dic 9Sel Tea | Jo°on 
:90139q] $,10}00q] 9Y} 103 ‘ | -d1g a7eNpessy-3s0g IIYIO jO°ON :901Z9q S,1a}seP ay} 10} Lok * 
YAOAA Ul peTfosuy JoquINNy | | JO} YAOAA Ul PeTfoIuy Joquinny YAOM, Ul peyjoiuy Joquinn | 











"IOOHDS Ad ‘QC—SC6] NI GAYAAANOD 
SHANA] ONIAAANIONY ALVAAVU ANV ‘OCG] ‘¢ YAAOLOO AO SV LNAWTIOUNY ONIAAANIONY ALVAGVU 


panurquoj—A ATAVL 


— 
cy 
\o 








635 


S, 1956 


+ 
4 


E 


ENROLLMENTS AND DEGRE 


‘ 
Js 


*=NGINEERINC 


n7 
J/ 


19 


Mar., 


Sa pk aN i 








a) 


ue 
— 


=) 


| 


— | 91 


yer ‘Aru 
10D “BY 3S UID 





sexo] 
** *Qyiqiepue, 
‘ula ‘AIUL) 
sessouuay 
“HOD “3S “ABC “S 


hie is soul “APC “S 
Boxed YINOS 
ieee ere YOstUat 

Buljorey qINoS 
eee Satay yy 
oS umorg 
pues] spory 
sees? * *BAOUBITIA 
rey: eq “AINA 








Coy ee ee “ysingsiiid 


+ ATU ‘Ig "eg 
rene usar] 
* *[exoiq 
a1soure) 
Teuyng 
viuvalAsuueg 


Jesse cece ee 19D 3S UoZIIO 


03319 
eens) (18 § 


“ATU “BIO 


pre esetoe at WR ‘¥ “RIO 


BuroyelyO 
"yoda ISU] BIO TY ‘*S‘*O 
. : “ Opsjo L 





Bi Bl *1euUTOUI- 
*ysuy asea 
ogo 

553+ ace aug “38q *N 
"t5 9 SOD “Sy “FEC ‘N 

BIOHeq YON 
eS ae te IN 
Buljores YON 





TOOHDS Ad 


“QS- 
SAAUNAC, ONIMAANIONY ALVAAVAS) ANV ‘OCG ‘¢ AAHOLIO AO SV LNAWTIOUNY ONIWAANIONY 


$6] NI GAYYaANO’) 


panusquoj—A ATAVL 








see amas Mt 


oxpare wenstence 


aLvnavar) 





8 ee me REE Te 











at a ast at 
















































































Cj 
Z 
| 
~ 
+ 
S *S901Zep 8,10}D0p puke [e10}DI0P-s1d 10} pajjOIus SjuepNjs SepNyouUy ¢ 
*peviodel Apealye asoy} 03 peppe aq Aeul sain3y ssay] =‘ ZulIs9u|3uq IeajONNY Ul SaeIZap Vsouatog jo JaIsep_ 9 pu BulJsIUIZUY [eII}Day OUI SadIZIp BUS 
jO J9ISCPY OT PosteyUOD UOI}NZIISU! SIY? OS—CC6T Ul FEY? ‘JoAQMOY ‘UMOUH S13] “OS—SSGI 1OJ UOTJEINPY JO VdyJO 2y} JO SABAINS [BI1}SIVEIS VY} JO Luv UI Papnyoul jou sem 
sousy pue “9g-—CC6l “JI] Wed ‘hacj2a41q7 UCIZDINPY ay} Ul PapNypoUT JOU SeM ‘OIYO ‘aseg BIO ITY UOSIN}}eg-JYSIIAA Ye ABofouyoa] JO 9}NZI}SU] 2104 NV “SF ML: 
Z. *20139P §,102D0P & OJ SJUBWIVIINbe Vy} UPY} SS2] 3Nq ‘IeiZep S,1a}JsSeUI Vy} PUOADG YOM Zursnbas seaiZap BursseuiSuse 13yIO 1 
S | | pe 
>) 87s Z7L8°Z St | zeecci — oro | 9 | 62 I bSZ ars sel TOIT 98801 | OOT |Z88°IZ| LI | 33°" *"" sjooyps Gd DF [830 L 
oO — _— —/—/;-|-] -— — —{/—|]—]|—]| se — —|sce | —|or foc ATU) “YseAy 095) 
R - coca — acl oa if | eee omit = nme aa —_ or | 69 —— Te me Te on wn bes oe —" 
tquiny 0 “3sId 
5 coe oe = unse het om | ail ae ae pls set I a ae — leq —|e oo fevecreee teens O<M\ “Alu, 
} Buru0d M 
S _— 16 — | 16 — | 82 — —_ —|— _ I _ #87 — |*8z — (bee ptt tse ee asta “Ayu 
| UISUOISIM 
= —_ L — if ane £ | = = —_ —_ — as (a4 L — —ie bf: ) Pie Alu) “PA “MM 
i | BIUIZITA ISOM 
a <r Dae a. > ot ane — | xs we = = a a = 9 =~ — |e frre eet 110 “3S “USE 
aoe LZ == 42 — z | = = —_ — = sa STZ — |sIz I eS eee yseM “Alus) 
Zz | wO}SUTYSE AA 
o — 9 —|o —|/-—-| — — —|—/]—|—| en 6z — ey i tee fl ee ATU) “BA 
7. — ai — i —_ £ -_ ae a = —_ sacc —_ OL — ie =e fo: eee AjOg "FA 
[x] BIUIBITA 
fx (61) (81) (21) | (91) | (St) | (FT) (€1) (ZT) (tT) | (OT) | (6) (8) (2) (9) (s) | (%) | (2) | (1) 
© auly "OM | UPI | ‘OM | Ua auty ‘OM | Ua] “OM | Ue aut ys “OM | UEP | ‘OM | Ue? 
_ sjusp -yreg sjuep -yeg susp -yeg 
< -13S pue -S pue -nqg pue 
z Te1edg oully Teeds oul Tereds oul 
ue Ma pue “WH — pue 18 
=) Sulanay ‘syuapnjg| = FPFOL 9S-SS6L_ | suluaagq |‘'squapnjg| PIOL 3 tor Buluaaq |‘sjuapnis TeIOL 9S-SS6I 
ro) seq 3,3uq ul Aeq pauzajuo-) Aeq 3,3uq ul UOT}NzIZSUT 
=. pesiiayu0sy s20i8e paiiajuosd 
$90139q mana d $90139q 
$,10300q end $,19}Se 
9S6l Tea jo ‘on 9S6T NRA 18e2I89qq yes0W0q] | “PBIL)-380d 9S6r eA jo ‘ON 
:901898q] §,10}90q] 94} 4103 -dig a}yeNpels)-3s0g 194IO jO*ON :9913aq] §,Je}SePY 9Y} 103 ? 
YIOA Ul payjoruy Joquinny 4Oj YIOM Ul payjoruq Joquinny YIOAA Ul payjoruyq Joquinn 


‘Oo 
© 
Oo 


























IOOHDS Ad ‘QS—SCS6] NI GAYAaAANOZ) 
SAAANAC ONIYAANIONY ALVAAGVU ANV ‘OCG] ‘¢ YAHOLIO AO SV LNANTIOUNY ONIVAANIONY ALVAavAy 


panurjuod—A ATAVL 





